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(54) RESIST COMPOSITION AND RESIST PATTERN FORMING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a resist compsn. having a 
sensitivity capable of practical use and capable of forming a 
nonswellable fine resist pattern. 

SOLUTION: An acid-sensitive polymer contained in this chemical 
amplification type resist compsn. in combination with an optical acid 

generating agent contains a lactone part represented by the formula ^ 
[where R is optionally substd. 1-4C straight chain or branched chain O 
alkyl and (n) is an integer of 1-4] as a protective group for each carboxyl ^^R 



group. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the film-forming polymer which has a protective group content carboxyl group in the side chain of 
a monomeric unit. The acid sensitivity polymer which can become meltable in a basic water solution when it is 
insoluble in a the very thing basicity water solution, however the protective group of said carboxyl group is 
desorbed from a side chain, The lactone part with which said acid sensitivity polymer is expressed by the degree 
type (I) in that case coming [ the photo-oxide generating agent which can generate the acid with which the 
desorption of the protective group of said carboxyl group can be caused if the radiation for image formation is 
absorbed and it decomposes ]: [Formula 1] 

\ 



O 




( I ) 



It is the resist constituent which is characterized by containing (R may express the alkyl group of the straight 
chain which has 1-4 carbon atoms, or branched chain, and you may be a permutation or unsubstituted any, and n 
is the integer of 1-4 in an upper type) as a protective group of said carboxyl group and in which development 
with a basic water solution is possible. 

[Claim 2] The resist constituent according to claim 1 characterized by guiding said lactone part from (**)- 
mevalonic lactone. 

[Claim 3] The resist constituent according to claim 1 or 2 characterized by being 1 member chosen from the 
group which a polymerization partner's monomeric unit in said acid sensitivity polymer becomes from the 
monomeric unit which has an ester group containing the alicyclic hydrocarbon part of an acrylate (meta) system 
monomeric unit, a vinyl phenol system monomeric unit, N-permutation maleimide system monomeric unit, a 
styrene system monomeric unit and plurality, or a polycyclic type. 

[Claim 4] the resist constituent according to claim 3 with which the alicyclic hydrocarbon part of said monomeric 
unit is characterized by being an adamanthyl radical and (or) a norbornyl radical. 

[Claim 5] It gives a quartz substrate and is 1 micrometer of thickness on the substrate. Resist constituent given 
in any 1 term of claims 1-4 characterized by the transmission in the wavelength (180-300nm) of the exposure 
light source of deep ultra-violet range being 30% or more when a coat is formed. 

[Claim 6] The part as which a polymerization partner's monomeric unit in said acid sensitivity polymer has a 

carboxyl group containing the protective group from which it can be desorbed according to an operation of the 

additional acid from said photo-oxide generating agent in the side chain of the monomeric unit, and is expressed 

in it by the degree type (II) in that case: [Formula 2] 
R i 
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It is the resist constituent according to claim 1 or 2 characterized by containing (RI expresses the alkyl group of 
the straight chain which has 1-4 carbon atoms, or branched chain, you may be a permutation or unsubstituted 
any, and Z expresses two or more atoms required to complete an alicyclic hydrocarbon radical with the carbon 
atom which RI combined in an upper type) as a protective group of said carboxyl group. 

[Claim 7] The resist constituent according to claim 6 with which the above mentioned additional protective group 
content carboxyl group is characterized by what is expressed by the degree type (III). 



[Formula 3] 
» 0 R, 




/9 \ - (III) 

(In an upper type, RI and Z are the same as said definition respectively) . 

[Claim 8] A resist constituent given in any 1 term of claims 1-7 characterized by being the form of the solution 
which dissolved in the solvent chosen from the group which consists of ethyl lactate, methyl amyl ketone, 
methyl-3-methoxy propionate, ethy|-3-ethoxy propionate, propylene glycol methyl ether acetate, and its 
mixture. 

[Claim 9] The resist constituent according to claim 8 characterized by including further the solvent chosen from 
the group which consists of butyl acetate, gamma-butyrolactone, propylene glycol methyl ether, and its mixture 
as an auxiliary solvent. 

[Claim 10] The following process: The formation approach of a resist pattern characterized by coming to contain 
developing the resist film after exposure in a basic water solution by applying a resist constituent given in any 1 
term of claims 1-9 on a processed substrate, and exposing the formed resist film alternatively with the radiation 
for image formation which can carry out induction of the decomposition of the photo-oxide generating agent of 
said resist constituent. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention is described in more detail about a resist constituent, it relates to a 
resist constituent like excimer laser which can use the light of short wavelength as a radiation for image 
formation more, and can develop negatives with a basic water solution after exposure. This invention relates to 
the formation approach of the positive type resist pattern which used such a resist constituent again. The resist 
constituent of this invention belongs under the category of the so-called "chemistry magnification mold resist", 
is usable sensibility and can form a detailed positive pattern without swelling. 
[0002] 

[Description of the Prior Art] In recent years, high integration progresses, as for the semiconductor integrated 
circuit, LSI and VLSI are put in practical use, and the minimum line width of a circuit pattern has reached the 
field of a subhalf micron. For this reason, it is indispensable to establish ultra-fine processing technology, in the 
lithography field, as a solution of that demand, the wavelength of the ultraviolet rays of the exposure light source 
is made to shift to the short wavelength of a far-ultraviolet field, and development of the aligner using the light 
source of the wavelength of deep ultra-violet range also prospers further. In connection with this, a resist 
ingredient also has more little absorption of light in the above short wavelength, and development of the 
ingredient which doubles and has dry etching resistance with sensibility high good serves as pressing need. 
[0003] Development of the resist which the photolithography using krypton fluoride excimer laser (it omits the 
wavelength of 248nm and Following KrF) as a new exposure technique in current and semi-conductor 
manufacture is studied briskly, and gave good sensibility and definition in such a short wavelength field, and has 
stability is becoming pressing need. As a resist with the high sensitivity and high resolution which can respond to 
such a source of short wave Nagamitsu The resist constituent using the concept called a chemistry 
magnification mold is already presented by H.Ito and others of U.S. IBM. for example, J.M.J.Frechet et al. and 
Proc.Microcircuit Eng. — 260 (1982), H.Ito et al., Digest of Technical Papers of 1982 Symposium on VLSI 
Technology, 86 (1983), H.Ito et al., "Polymers in Electronics", ACS Symposium Series Please refer to the volume 
242 and on T.Davidson, ACS, 11 (1984), and U.S. Pat. No. 4,491,628. The fundamental concept of the above- 
mentioned resist constituent makes catalytic reaction cause in the resist film, raises an apparent quantum yield, 
and, therefore, is based on attaining high sensitivity-ization of the resist constituent so that I may be easily 
understood from the above-mentioned reference etc. 

[0004] If the chemistry magnification mold resist which be widely study by the current emergency and which 
added the photo-oxide generating agent (PAG) which have the operation which generate an acid by light to the 
t-butoxy KARUBONIRUPORI vinyl phenol (t-BOCPVP) be take for an example, in the exposure section of a 
resist, by heating after exposure, and the so-called "the PEB (postexposure baking)", a t-BOC radical will **** 
and it will become isobutene and a carbon dioxide. Moreover, the proton acid produced at the time of desorption 
of t-BOC serves as a catalyst, the above-mentioned deprotection reaction advances continuously, and the 
polarity of the exposure section changes a lot. In the resist of this example, a resist pattern can be easily formed 
by choosing the suitable developer which can respond to a big change of the polarity of the exposure section. 
[0005] However, since the chemical structure of the resin has constraint, the conventional chemistry 
magnification mold resist has the problem that it is difficult to satisfy all requirements, such as sensibility, 
transparency in exposure wavelength, preservation stability, the ease of acquisition, and definition. Especially an 
important point is constraint of the protective group from which it should be desorbed by heat-treatment under 
existence of the photo-oxide generating agent in a chemistry magnification mold resist, namely, when the 
chemistry magnification intervention component which exists in the side chain of the monomeric unit of a film- 
forming polymer is carboxylate, as for the suitable protective group for the carboxyl group, t-butyl, 1, and 1- 
dimethylbenzyl radical, a tetrahydropyranyl group, a 3-oxocyclohexyl radical, an isobornyl radical, etc. are known 

**** — it does not pass but to offer still more effectively the protective group which can act is desired. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to be able to follow, to be able to 



solve ai trouble of a Prior art which was described above, able to use a basic water solution as a developer, have 
usable sensibility, and offer the new resist constituent which can form a detailed pattern without swelling. 
[0007] The purpose of this invention can respond also to the exposure light source of deep ultra-violet range, 
such as KrF excimer laser, and is again to offer the new resist constituent excellent also in dry etching 
resistance. Another purpose of this invention is to enlarge the polarity between the exposure section and the 
unexposed section, and offer the new resist constituent which can form high sensitivity, and high contrast and 
the pattern which follows and has high resolution. 

[0008] One purpose is now [ of this invention ] to offer the approach of forming a resist pattern using such a 

new resist constituent. 

[0009] 

[Means for Solving the Problem] That the above-mentioned technical problem should be solved, wholeheartedly, 
as a result of research, this invention persons acquire the knowledge that it is effective to use what uses the 
film-forming polymer which has a protective group content carboxyl group for the side chain of a monomeric unit 
as a polymer used as base material resin in a chemistry magnification mold resist constituent, and has a specific 
lactone part as a protective group of the carboxyl group of the polymer, and came to complete this invention. 
[0010] This invention is a film-forming polymer which has a protective group content carboxyl group in the side 
chain of a monomeric unit in the one field. The acid sensitivity polymer which can become meltable in a basic 
water solution when it is insoluble in a the very thing basicity water solution, however the protective group of 
said carboxyl group is desorbed from a side chain, Lactone part with which said acid sensitivity polymer is 
expressed by the degree type (I) in that case coming [ the photo-oxide generating agent which can generate the 
acid with which the desorption of the protective group of said carboxyl group can be caused if the radiation for 
image formation is absorbed and it decomposes ] : [001 1] 
[Formula 4] 



[0012] It is in the resist constituent in which development is possible in the basic water solution characterized 
by containing (R may express the alkyl group of the straight chain which has 1-4 carbon atoms, or branched 
chain, for example, a methyl group, an ethyl group, a propyl group, etc., and these radicals may be a permutation 
or unsubstituted any, and n is the integer of 1-4 in an upper type) as a protective group of said carboxyl group. 
[0013] In the resist constituent by this invention, the acid sensitivity polymer used as the base material resin 
includes the various polymers from the homopolymer which is used in large semantics, therefore consists only of 
a single monomeric unit to the copolymer (a 3 component copolymer etc. is included) of such a monomeric unit 
and the monomeric unit of others of arbitration, at least one of the monomeric units from which the polymer 
used here constitutes it preferably — and When the polymer takes the form of a copolymer especially, the 
monomeric unit of the polymerization partner of a monomeric unit who has a protective group content carboxyl 
group An acrylate system monomeric unit, i.e., an acrylate system, and a methacrylate system monomeric unit, 
(Meta) A vinyl phenol system monomeric unit, N-permutation maleimide system monomeric unit. It is what is the 
monomeric unit which has an ester group containing the alicyclic hydrocarbon part of a styrene system 
monomeric unit, plurality, or a polycyclic type. Still more preferably an alicyclic hydrocarbon part is the 
monomeric unit which has the ester group containing the alicyclic hydrocarbon part of the plurality which is an 
adamanthyl radical and (or) a norbornyl radical, or a polycyclic type. 

[0014] Moreover, the lactone part as a protective group of the carboxyl group contained in the side chain in this 
acid sensitivity polymer is (**)-mevalonic lactone: [0015] preferably expressed by the degree type (IV) although 
it is said that it can have the structure of arbitration. 
[Formula 5] 



[0016] It is guided from (the inside of a formula and R are the same as said definition). The resist constituent of 
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(IV) 



this invention gives it to a quartz substrate, and is 1 micrometer of thickness on the substrate further again. 

When a coat is formed, the permeability in the wavelength (180-300nm) of the exposure light source of deep 

ultra-violet range is 30% or more preferably. When the above mentioned acid sensitivity polymer takes the 

gestalt of a copolymer, having the additional protective group content carboxyl group also has the desirable 

monomeric unit of the polymerization partner of a monomeric unit who has a protective group content carboxyl 

group, namely, the monomeric unit containing the 1st protective group content carboxyl group in which an acid 

sensitivity copolymer contains said lactone part carried out as a protective group — in addition, you may have 

the monomeric unit containing the 2nd protective group content carboxyl group, and such a combination is also 

desirable. Here, the monomeric unit containing the 2nd protective group content carboxyl group is partial: [0017] 

which has a carboxyl group containing the protective group from which it can be desorbed according to an 

operation of the additional acid from said photo-oxide generating agent in the side chain of the monomeric unit, 

and is preferably expressed with it by the degree type (II) in that case. 

[Formula 6] 
Ri 
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[0018] It is the monomeric unit which contains (RI expresses the alkyl group of the straight chain which has 1-4 
carbon atoms, or branched chain, you may be a permutation or unsubstituted any, and Z expresses two or more 
atoms required to complete an alicyclic hydrocarbon radical with the carbon atom which RI combined in an upper 
type) as a protective group of said carboxyl group. 

[0019] Although it is said with various gestalten that the 2nd protective group content carboxyl group may exist, 
it is preferably expressed by the degree type (III). 
[0020] 
[Formula 7] 
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[0021] (In an upper type, RI and Z are the same as said definition respectively) . The resist constituent of this 
invention is offered in the form of the solution which dissolved in the solvent preferably chosen from the group 
which consists of ethyl lactate, methyl amyl ketone, methyl-3-methoxy propionate, ethyl-3-ethoxy propionate, 
propylene glycol methyl ether acetate, and its mixture. Moreover, this resist solution may contain further the 
solvent chosen from the group which consists of butyl acetate, gamma-butyrolactone, propylene glycol methyl 
ether, and its mixture as an auxiliary solvent if needed. 

[0022] Moreover, this invention is the approach of forming a resist pattern in the field of another, applies the 
following resist constituent of process:this invention on a processed substrate, and exposes the formed resist 
film alternatively with the radiation for image formation which can carry out induction of the decomposition of 
the photo-oxide generating agent of said resist constituent, and is in the formation approach of the resist 
pattern characterized by coming to contain developing the resist film after exposure in a basic water solution. 
[0023] As for the resist film formed on the processed substrate, in the formation approach of the resist pattern 
by this invention, it is desirable to present heat-treatment after that, before presenting a selection exposure 
process with it. That is, by this invention approach, while presenting prebaking processing before the exposure, 
before developing negatives by being after exposure, postbake processing in which it explained as PEB 
(postexposure baking) previously is presented with the resist film. These heat-treatment can be advantageously 
carried out according to a conventional method. 
[0024] 

[Embodiment of the Invention] The formation approach of the resist constituent by this invention and a resist 
pattern can be enforced with various desirable gestalten so that he can understand easily from the following 
detailed explanation. This invention relates to the resist constituent of the chemistry magnification mold in which 
development is possible with the basic water solution for forming a positive resist pattern on a processed 
substrate. This resist constituent is a film-forming polymer which has a protective group content carboxyl group 
in the side chain of the (a) monomeric unit, as described above. The acid sensitivity polymer which can become 
meltable in a basic water solution when it is insoluble in a the very thing basicity water solution, however the 
protective group of said carboxyl group is desorbed from a side chain, (b) It comes to contain the photo-oxide 
generating agent (PAG) which can generate the acid with which the desorption of the protective group of said 
carboxyl group can be caused if the radiation for image formation is absorbed and it decomposes. Moreover, said 
acid sensitivity polymer contains the specific lactone part with which it is expressed by the front type (I) as a 



protective group of said carboxyl group in that case. If PAG in rresist constituent which is as follows when here 
explains the mechanism of the chemistry magnification in the resist constituent of this invention is exposed to 
the radiation for image formation after formation of the resist film, it will absorb the radiation and will generate 
an acid. Subsequently, if the resist film after this exposure is heated, the acid produced previously will act in 
catalyst and the following reactions will advance in the membranous exposure section. 
0025] 

^Formula 8] 
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[0026] In the resist constituent of this invention, since it set to the acid sensitivity polymer as base material 
resin and the functional group from which it can be desorbed is easily introduced into the ester part of the 
monomeric unit with heating under existence of an acid catalyst, by the desorption, proton acid can be 
reproduced and, therefore, high sensitivity can be attained. Moreover, since a carboxylic acid generates after 
desorption of a functional group, the exposure section of the resist film becomes meltable to a base, and, 
therefore, can be developed in a basic water solution. Since the exposure section carries out dissolution 
removal, the resist pattern obtained is a positive pattern. In addition, in this invention, since pattern formation is 
performed using a polar change produced in a polymer, a pattern without swelling is obtained. 
[0027] Moreover, especially the acid sensitivity polymer used as base material resin in the resist constituent of 
this invention can be set when it takes the gestalt of a copolymer, and in addition to having easily the functional 
group from which it can be desorbed with heating under existence of an acid catalyst, also in the 2nd monomeric 
unit, it can have the same functional group into the ester part of the 1st monomeric unit. In such a case, since 
the functional group of both in a copolymer may **** by the acid catalyzed reaction, sensibility and definition 
higher than the copolymer constituted so that the functional group of one of the two's monomeric unit might 
**** and a soluble change might be given can be reconciled. 

[0028] Also although the acid sensitivity polymers used as the base material resin are not conditions which were 
described above, and the thing limited especially as long as the conditions for the mechanism of chemistry 
magnification are fulfilled especially in the resist constituent by this invention When acquiring about the same dry 
etching resistance as a novolak resist is taken into consideration, use of an acrylate system polymer, a 
methacrylate system polymer, a vinyl phenol system monomeric unit, N-permutation maleimide system polymer, 
a styrene system polymer, etc. is recommended. When using deep ultraviolet as the exposure light source, the 
absorption of light of the wavelength of deep ultra-violet range is important for especially an acrylate system 
and a methacrylate system polymer in a small point. If it puts in another way, when making deep ultraviolet into 
the exposure light source, it is desirable to use the polymer which has structure which does not contain a 
chromophore with the aromatic series ring which absorbs the light of deep ultra-violet range greatly and molar 
extinction coefficients, such as conjugated double bond, large generally. 

[0029] moreover, in using the exposure light source of an ultrashort wavelength field like argon fluoride (ArF) 
excimer laser Since the transparency in the wavelength (193nm) of the exposure light source concerned is 
needed with dry etching resistance, It is the polymer which was described above and the strong aromatic series 
ring of absorption is not included. Instead Use of the polymer and division acrylate system which have the ester 



group which dry etching resistance is high, for example, contains the alicyclic hydrocarbon part of the plurality or 
^olycyclic type represented by an adamanthyl radical and the norbornyl radical, and a methacrylate system 
polymer is recommended. Here, the alicyclic hydrocarbon part which should be contained in an ester group 
includes well-known various radicals in the field of a chemistry magnification mold resist. If a suitable alicyclic 
hydrocarbon radical shows the example, it will make the following compounds a frame. 

[0030] (1) Adamantane And the derivative (2) norbornane And the derivative (3) par hydronalium anthracene And 
the derivative (4) par hydronalium naphthalene and derivative (5) tricyclo — [ — 5.2.1.02, 6] Deccan, its 
derivative (6) bicyclo hexane, its derivative (7) spiro [4, 4] nonane, derivative (8) spiro [4, 5] Deccan, and its 
derivative — the compound of these, respectively : expressed with the following structure expressions [0031] 
[Formula 9] 




[0032] Furthermore, the molecular weight (weight average molecular weight and Mw) of an acrylate system 
polymer (meta) which was described above, and other acid sensitivity polymers can be changed in the large 
range. Preferably, the range of the molecular weight of this polymer is 2000-1 million, and its range of 3000- 
50000 is more desirable. Although the acid sensitivity polymer which can be advantageously used in operation of 
this invention is not necessarily still more specifically limited to what is enumerated below, it includes the 
following polymers. In addition, m in a formula is the number of monomeric units (repeat unit) required to obtain 
the above-mentioned weight average molecular weight, and LAC expresses the lactone part of a front type (I), 
and they are cyano groups, such as low-grade alkyl groups, for example, a methyl group etc., such as the 
substituent of arbitration, for example, a hydrogen atom, a halogen atom, for example, chlorine, and a bromine, 
and others except for the case where X has a notice especially. 
(1) (meta) Acrylate system polymer [0033] 

[Formula 10] 
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[0034] (2) Vinyl phenol system polymer [0035] 



[Formula 11] 
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[0036] (3) Fumaric-acid system polymer [0037] 
[Formula 12] 
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[0038] In an upper type, R' expresses said LAC or expresses others for aryloxy groups, for example, a phenoxy 
group, such as an alkoxy group, for example, a methoxy group, an isopropoxy group, and a t-butoxy radical, a 
benzyloxy radical, etc. 

(4) Vinyl benzoic-acid system polymer [0039] 
[Formula 13] 
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[0040] (5) Norbornene carboxylic-acid system polymer [0041] 

[Formula 14] 
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[0042] (6) Itaconic-acid system polymer [0043] 
[Formula 15] 
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[0044] In an upper type, R' is the same as said definition. 
(7) Maleic-acid system polymer [0045] 
[Formula 16] 
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[0046] In an upper type, R' is the same as said definition, in addition, also in advance, these polymers were 
explained — as — suitable other monomeric units and ****** — the copolymers (a 2 component copolymer, 3 
component copolymer, etc.) of arbitration may be constituted. The acid sensitivity copolymer which can be used 
in this invention is as being shown in the following formula (V) and (VI), when the aforementioned (meta) acrylate 
system polymer is explained with reference to what is made into a subject. In addition, an acrylate (meta) system 
3 component copolymer can also be constituted according to this. 
[0047] 

[Formula 17] 
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[Formula 18] 
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[0049] In an upper type, R1 expresses hydrogen or expresses the substituent of arbitration, for example, a 
halogen, an alkyl group, a methylol radical, etc. Y Alicyclic radicals, the substituent, for example, the alkyl group, 
for example, t-butyl etc., of arbitration etc., Adamanthyl, norbornyl, cyclohexyl, tricyclo [5.2.1.0] Deccan, etc. are 
expressed. For example, B The substituent of arbitration, for example, a carboxyl group etc., is expressed, I and 
m are the mole ratios of each monomeric unit, and it is l+m=1, and X and LAC are the same as said definition 
respectively. 

[0050] Moreover, if it clarifies in relation to this, the acrylate system polymer with which the usefulness was 
found out especially in this invention persons and which contains (**)-mevalonic lactone (meta) acrylic ester in 
a constituent (meta) is new, and is not taught at all by the Prior art. It can reach and other acrylate (meta) 
system polymers can be prepared using the polymerization method generally used in the chemistry of a polymer 
also including these things in the gestalt of a copolymer. For example, the acrylate (meta) system polymer of this 
invention can be advantageously prepared by carrying out the free radical polymerization of the predetermined 
monomer component in existence of the 2,2'-azobis isobutyronitrile (azobisuisobutironitoriru) as a free radical 
initiator, although detailed explanation is omitted in this application specification. Moreover, acid sensitivity 
polymers other than an acrylate (meta) system polymer can be similarly prepared advantageously according to a 
conventional method. 

[0051] By the way, when an acid sensitivity polymer takes the gestalt of a copolymer, the rate of a monomeric 
unit of having the lactone part of a formula (I) in an ester group before occupying in the copolymer is 20 - 70 % 
of the weight preferably. If the content of this monomeric unit is less than 20 % of the weight, satisfying 
patterning will become impossible, and if it exceeds 70 % of the weight reversely [ that ], it will change to a basic 
water solution possible [ the dissolution ]. The content of this monomeric unit is 30 - 60 % of the weight still 
more preferably. 

[0052] Moreover, when the acid sensitivity polymer contained as base material resin in it takes the gestalt of a 
copolymer in the resist constituent of this invention according to this invention persons' further knowledge, 
having the additional protective group content carboxyl group, as described above also has the desirable 
monomeric unit of the polymerization partner of a monomeric unit who has a protective group content carboxyl 
group, namely, the monomeric unit containing the 1st protective group content carboxyl group in which an acid 
sensitivity copolymer contains said lactone part carried out as a protective group — in addition, you may have 
the monomeric unit containing the 2nd protective group content carboxyl group, and such a combination is 
desirable. Here, the monomeric unit containing the 2nd protective group content carboxyl group is partial: [0053] 
which has a carboxyl group containing the protective group from which it can be desorbed according to an 
operation of the additional acid from said photo-oxide generating agent in the side chain of the monomeric unit, 
and is preferably expressed with it by the degree type (II) in that case. 
[Formula 19] 
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[0054] It is the monomeric unit which contains (RI expresses the alkyl group of the straight chain which has 1-4 
carbon atoms, or branched chain, you may be a permutation or unsubstituted any, and Z expresses two or more 
atoms required to complete an alicyclic hydrocarbon radical with the carbon atom which RI combined in an upper 




type) as a protective group of said carboxyl group. Although it is said with various gestalten that the 2nd 
protective group content carboxyl group may exist, it is preferably expressed by the degree type (III). 
[0055] 

[Formula 20] 
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[0056] It sets at an upper ceremony and is RI. And Z is the same as said definition respectively. When it states 
in more detail, the acid sensitivity copolymer which each monomeric unit has the protective group content 
carboxyl group, and can use advantageously in operation of this invention is a copolymer expressed by the 
degree type (VII) preferably. 
[0057] 

[Formula 21] 
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[0058] in an upper type, R t RI, and R1, X, m and I are the same as said definition respectively, and the 
substituents R1 and X combined with the carbon atom of a principal chain are the same — or you may differ and 
they are a hydrogen atom or a low-grade alkyl group, for example, a methyl group, preferably. The acid sensitivity 
copolymer which can be used still more advantageous in operation of this invention is a methacrylic-acid (**)- 
mevalonic lactone ester / methacrylic-acid 2-methyl-2-adamanthyl copolymer which follows and is expressed 
by the degree type (VIII). 
[0059] 

[Formula 22] 
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[0060] In an upper type, Me could express the methyl group, this methyl group may be replaced with the 
hydrogen atom, and m and I are the same as said definition respectively. In such a copolymer and the other same 
copolymers, since an adamanthyl radical is included in the ester section, high dry etching resistance (RIE 
resistance) can be acquired. If it is going to acquire the RIE resistance of the novolak resist average by which 
the current general purpose is carried out here, it is required to make into about 50 mol % the content of the 
methacrylic-acid 2-methyl-2-adamanthyl which is the 2nd monomeric unit in a copolymer. Moreover, since this 
copolymer has the structure which does not contain the strong aromatic series ring of absorption, it is very 
advantageous about the transparency in ultrashort wavelength (193nm) like argon fluoride (ArF) excimer laser. 
[0061] It is desirable still more desirable that it is generally about 20 - 70 % of the weight, and the content of the 
methacrylic-acid (**)-mevalonic lactone ester which is the 1st monomeric unit in a copolymer which was 
described above is about 30 - 60 % of the weight. Moreover, it is desirable still more desirable that it is generally 
about 20 - 80 % of the weight, and the content of the methacrylic-acid 2-methyl-2-adamanthyl which is the 2nd 
monomeric unit in this copolymer is about 30 - 70 % of the weight. As it already explained that it was little or 
more abundant than range which each monomeric unit described above, and was contained, un-arranging [ of 
changing to the basic water solution whose satisfying patterning becomes impossible possible / the dissolution ] 
occurs. 



[0062] Moreover, a similar reaction [ in / the mechanism of the chemistry magnification in a copolymer including 
the 1st and 2nd monomeric units which were described above is the same as the mechanism of the chemistry 
magnification in the homopolymer explained previously fundamentally, and / the 2nd monomeric unit ] will be 
added to this. Namely, it is known well that the polymer of an acrylic acid or a methacrylic acid has high 
transparency by deep ultra-violet range. Moreover, for example, the methacrylic-acid (**)-mevalonic lactone 
ester / methacrylic-acid 2-methyl-2-adamanthyl copolymer expressed by the before type (VIII) Since two kinds 
of ester sections contained do not contain a chromophore with a big molar extinction coefficient in 190-250nm 
in the structure, respectively It becomes the high sensitivity resist which will generate an acid if the radiation for 
image formation of optimum dose is absorbed and it decomposes, and can respond also to the exposure using 
deep ultraviolet advantageously if the compound (PAG) from which the above-mentioned ester section may be 
desorbed is combined. 

[0063] If PAG is exposed to the radiation for image formation after formation of the resist film, it will absorb the 
radiation and will generate an acid. Subsequently, if the resist film after this exposure is heated, the acid 
produced previously will act in catalyst and the following reactions will advance to coincidence separately in the 
membranous exposure section. 
[0064] 

[Formula 23] 



fPAG 



h v 



Me 

O O 




Y 

o 



</\„ 




Me 



[0065] 

[Formula 24] 
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[0066] In a copolymer which was described above, since the functional group from which it can be desorbed is 
easily introduced into the ester part of the monomeric unit with heating under existence of an acid catalyst, by 
the desorption, proton acid can be reproduced and, therefore, high sensitivity can be attained. Moreover, since a 
carboxylic acid generates after desorption of a functional group, the exposure section of the resist film becomes 
meltable to a base, and, therefore, can be developed in a basic water solution. Since the exposure section 
carries out dissolution removal, the resist pattern obtained is a positive pattern. In this case, since pattern 



formation is performed using a polar change produced in a polymer, a pattern without swelling is obtained. 

[0067] Moreover, the photo-oxide generating agent (PAG) used combining an acid sensitivity polymer which was 

described above in the chemistry magnification mold resist of this invention can be matter which produces 

proton acid by the exposure of radiations, such as the photo-oxide generating agent generally used in the 

chemistry of a resist, i.e., ultraviolet rays, far ultraviolet rays, vacuum ultraviolet radiation, an electron ray, an X- 

ray, and a laser beam. The following is included although a suitable photo-oxide generating agent is not limited to 

what is enumerated below in operation of this invention. 

(1) Iodonium salt expressed by the degree type : [0068] 

[Formula 25] 
A r 



[0069] (In an upper type, Ar expresses alicyclic or radicals, such as a phenyl group permuted by a permutation or 
an unsubstituted aromatic series radical, for example, a phenyl group, the halogen, the methyl group, t-butyl, an 
aryl group, etc., and X1 expresses BF4, BF6, PF6, AsF6, SbF6, CF3 S03, CI04, etc.) 
(2) Sulfonium salt expressed by the degree type : [0070] 
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[Formula 26] 
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[Formula 27] 
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[0074] 

[Formula 30] 




[0075] 

[Formula 31] 




[0076] (\n an upper type, R1, R2, R3, and R4 are the same — or you may differ, and, respectively hydrogen is 
expressed, the substituent of arbitration, for example, a halogen, an alkyl group, an aryl group, etc. are expressed, 
R1, R2, and R3 are phenyl groups etc., R4 is a methyl group etc., and Ar and X1 are the same as said definition 
respectively) 

(3) Sulfonate expressed by the degree type : [0077] 

[Formula 32] 
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[0078] (In an upper type, Ar and R4 are the same as said definition) 

(4) OKISA azole derivative expressed by the degree type : [0079] 
[Formula 33] 

C (X,), 

X i 

[0080] (In an upper type, X2 is a halogen, for example, CI and Br, or I, however it is -CX3 One of the radicals 
may be a permutation, an unsubstituted aryl group, or an alkenyl radical) 

(5) Halogenide expressed by the degree type : [0081] 
[Formula 34] 
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[0082] (In an upper type, X2 is the same as said definition) 

(6) s-triazine derivative expressed by the degree type : [0083] 
[Formula 35] 
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[0084] (In an upper type, X2 is a halogen, for example, CI and Br, or I, however it is -CX3 One of the radicals 
may be a permutation, an unsubstituted aryl group, or an alkenyl radical) 

(7) Disulfon derivative:Ar-S02-S02-Ar expressed by the degree type (in an upper type, Ar is the same as said 
definition) 

(8) Imide compound expressed by the degree type : [0085] 
[Formula 36] 
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[0086] (In an upper type, X1 is the same as said definition) 

(9) In addition, (the sulfonates expressed by the degree type) : [0087] 

[Formula 37] 
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[0088] These photo-oxide generating agents can be used in various amount into the resist constituent of this 
invention. According to this invention persons' knowledge, the amount of the photo-oxide generating agent used 
is 0.1 - 50 % of the weight on the basis of the whole quantity of a polymer preferably. When the amount of this 
photo-oxide generating agent exceeds 50 % of the weight, it becomes impossible to already perform patterning 
as a result of light being absorbed too much. The amount of the photo-oxide generating agent used is 1 - 1 5 % 
of the weight on the basis of the whole quantity of a polymer still more preferably. 

[0089] Moreover, it is desirable to take into consideration the structure of a polymer and a photo-oxide 
generating agent and the amount of the photo-oxide generating agent used so that the transmission (value when 
forming the resist coat of 1 micrometer of thickness on a quartz substrate) in the exposure wavelength of the 
resist constituent of this invention which consists of an acid sensitivity polymer and a photo-oxide generating 
agent may become 30% or more in relation to the above. The resist constituent of this invention can be 
dissolved in a suitable organic solvent, and the above-mentioned acid sensitivity polymer and the above- 



mentioned photo-oxide generating agent can usually be advantageously used for it in the form of a resist 
solution. An organic solvent useful to preparation of a resist solution is not limited to these, although ethyl 
lactate, methyl amyl ketone, methyl-3-methoxy propionate, ethyl-3-ethoxy propionate, propylene glycol methyl 
ether acetate, etc. are recommended. Although these solvents may be used independently, two or more kinds of 
solvents may be mixed and used for them if needed. Although especially the amount of these solvents used is 
not limited, it is desirable to use it in sufficient amount to obtain the suitable viscosity for spreading of spin 
spreading etc. and desired resist thickness. 

[0090] In addition to a solvent (it is called especially the main solvent) which was described above, with the 
resist solution of this invention, an auxiliary solvent may be used if needed. Although use of an auxiliary solvent 
is unnecessary, when a solute with low solubility is used depending on the solubility of a solute, it is 10 - 20 % of 
the weight usually preferably [ adding in 1 - 30% of the weight of an amount to the main solvent ], and more 
preferably. Although the example of a useful auxiliary solvent is not limited to what also enumerates these below, 
it includes butyl acetate, gamma-butyrolactone, propylene glycol methyl ether, etc. 

[0091] This invention uses a resist constituent which was described above again, and also offers the approach of 
forming a resist pattern, especially a positive resist pattern on a processed substrate. Formation of the positive 
resist pattern of this invention can usually be carried out as follows. First, on a processed substrate, the resist 
constituent of this invention is applied and the resist film is formed. A processed substrate can be a substrate 
usually used in a semiconductor device and other equipments, and can raise a silicon substrate, a glass 
substrate, a nonmagnetic ceramic substrate, etc. as some of the examples. Moreover, if needed, above these 
substrates, the additional layer, for example, a silicon oxide layer, the metal layer for wiring, the interlayer 
insulation film, the magnetic film, etc. may exist, and various kinds of wiring, a circuit, etc. are made. In order to 
raise the adhesion of the resist film to it, hydrophobing processing of these substrates may be carried out 
further again according to the conventional method. As a suitable hydrophobing processing agent, 1, 1, 1, 3, 3, 
and 3-hexamethyldisilazane (HMDS) etc. can be raised, for example. 

[0092] Spreading of a resist constituent can be applied on a processed substrate by making it into a resist 
solution, as described above. Although spreading of a resist solution has the technique of daily use, such as spin 
spreading, roll coating, and DIP spreading, especially its spin spreading is useful. Although, as for resist thickness, 
the range of about 0.1-200 micrometers is recommended, in KrF exposure, 0.1-1.5 micrometers is recommended. 
In addition, the thickness of the resist film formed can be widely changed according to factors, such as the 
purpose for spending of the resist film. 

[0093] Before the resist film applied on the substrate exposes it alternatively in the radiation for image 
formation, it is desirable to prebake over about 60 - 120 seconds at the temperature of about 60-160 degrees C. 
This prebaking can be carried out using a heating means in ordinary use in a resist process. As a suitable heating 
means, a hot plate, infrared-heating oven, microwave heating oven, etc. can be raised. 

[0094] Subsequently, it exposes alternatively in the radiation for image formation with the aligner of daily use of 
the resist film after prebaking. Suitable aligners are a commercial ultraviolet-rays (far-ultraviolet-rays and deep 
ultraviolet) aligner, an X-ray aligner, an electron beam machine, an excimer stepper, and others. Exposure 
conditions can choose suitable conditions each time. Especially, in this invention, as stated also in advance, 
excimer laser (KrF laser with a wavelength of 248nm and ArF laser with a wavelength of 193nm) can be 
advantageously used as the exposure light source. When it adds, with this application specification, it is a 
"radiation". When a word is used, the light from these various light sources, i.e., ultraviolet rays, far ultraviolet 
rays, deep ultraviolet, an electron ray (EB), an X-ray, a laser beam, etc. shall be meant. As a result of this 
alternative exposure, a radiation is absorbed, and the dissolution inhibitor compound contained to the exposure 
field of the resist film decomposes, and solubilizes the exposure field concerned to a basic water solution. 
[0095] Subsequently, the elimination reaction of the protective group which made the acid the catalyst is 
produced by carrying out after [ exposure ] BEKU (PEB) of the resist film after exposure. BEKU after this 
exposure can be performed like previous prebaking. For example, about 60-150 degrees C of baking temperature 
are about 100-150 degrees C preferably. After completing BEKU after exposure, the resist film after exposure is 
developed in the basic water solution as a developer. The developer of daily use, such as a spin developer, a DIP 
developer, and a spray developer, can be used for this development. Here, the basic water solutions which can 
be advantageously used as a developer are the water solution of I of the periodic table represented by the 
potassium hydroxide etc., and the hydroxide of the metal belonging to II group, and a water solution of the 
organic base which does not contain metal ions, such as tetraalkylammonium hydroxide. Basic water solutions 
are water solutions, such as tetramethylammonium hydroxide (TMAH) and hydroxylation tetraethylammonium 
(TEAH), more preferably. Moreover, this basic water solution may contain additives, such as a surfactant, for 
improvement in the development effect. As a result of development, the exposure field of the resist film carries 
out dissolution removal, and only an unexposed field remains on a substrate as a resist pattern. 
[0096] 

[Example] Subsequently, it is related with composition of an acid sensitivity polymer, preparation of a resist 



constituent, and formation of a resist pattern, and this invention is explained with reference to the example of 
shoes. In addition, please understand that the following example is not that to which it is a mere example and the 
range of this invention is limited by this. 

In the fully dried 100ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
the example 1 methacrylic-acid (**)-mevalonic lactone ester was carried out was put, a 30ml desiccation 
methylene chloride, 6g (46.1 millimol) (**)-mevalonic lactone, and 4.82g (46.1 millimol) methacrylic-acid chloride 
were added, and it stirred at 0 degree C under desiccation nitrogen-gas-atmosphere mind in it. In the obtained 
solution, 5.1 g (50.4 millimol) triethylamine and 10mg N, and N-dimethylamino pyridine were added, and it stirred 
at 0 degree C in it for 1 hour. After checking disappearance of a raw material by thin-layer chromatography, the 
reaction solution was moved to the 300ml separating funnel, and 100ml water washed, and the methylene 
chloride extracted the aqueous phase 3 times. Organic layers were collected, and saturation brine washed, and it 
was made to dry on anhydrous sodium sulfate. The organic layer after desiccation was filtered through the filter 
paper, and the solvent of a filtrate was distilled off under reduced pressure. Brown oily matter was obtained. 
When the obtained oily matter was refined by the silica gel chromatography, it was transparent and colorless and 
oilHike methacrylic-acid (**)-mevalonic lactone ester was obtained. Yield = 5.94g (65%). 

[0097] The result of analysis of the obtained product is as follows. In addition, s in a parenthesis is [ a doublet 
and m of a singlet and d ] multiplets. 

1H NMR(CDCL3, delta, and J in Hz):6. — 05, 5.58 (respectively 1 H), 4.44-4.35 (2H, m), 3.19 (1H, d, J= 17.5), 2.62 
(1H, m), 2.60 (1H, d, J= 17.5) and 2.03 (1H, m), and 1. — 91 and 1.66 (H respectively 3 s). 

[0098] Moreover, the result of analysis of IR is as follows. In addition, in the lowercase letter bundled with the 
parenthesis, in s, strong (a little more than) and m mean medium (inside), and w means weak (weakness). 
IR (KBr, neat, cm-1) : 2980 (w), 1743 (s), 1714 (s), 1271 (m), 1173 (s), 1161 (s), 1074 (m). 

In the fully dried 100ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
example 2 methacrylic-acid (**)-mevalonic lactone ester / the cyclohexyl methacrylate copolymer was carried 
out was put The methacrylic-acid (**)-mevalonic lactone ester of preparation in said 5.94g (30 millimol) example 
1, 5.04g (30 millimol) cyclohexyl methacrylate, 20ml dioxane, and 1.48g (9 millimol) azobisisobutyronitril 
(azobisuisobutironitoriru) were added, and it stirred at 80 degrees C under nitrogen-gas-atmosphere mind for 8 
hours. After diluting a reaction solution with a tetrahydrofuran (THF), it was dropped at the 11. water-ethanol 
mixed solution containing a small amount of hydroquinone. Generated precipitate was carried out the ** 
exception with the glass filter, and it was made to dry at O.lmmHg and 45 degrees C for 16 hours. The powder of 
the obtained white was again dissolved in THF, and the same precipitate as the above-mentioned thing - 
desiccation were repeated twice. The copolymer of the target white was obtained. Yield = 7.69g (70%). 
[0099] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 1:1. The 
permeability in the wavelength of 248nm of this copolymer is 95% (on 1 micrometer of thickness, and a quartz 
substrate), and showed that it excelled in transparency. Moreover, the result of other analysis is as follows. 
Weight average molecular weight: 1 1 860 (standard polystyrene conversion). 
[0100] Degree of dispersion: 1.45. 
IR (KRS-5, cm-1 ) : 2937, 1 726, 1 259, 1 1 49, 1 1 1 2. 

In the fully dried 100ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
example 3 methacrylic-acid (**)-mevalonic lactone ester / the p-acetoxy styrene copolymer was carried out 
was put The methacrylic-acid (**)-mevalonic lactone ester of preparation in said 5.94g (30 millimol) example 1, 
4.87g (30 millimol) p-acetoxy styrene, 20ml dioxane, and 1.48g (9 millimol) azobisisobutyronitril 
(azobisuisobutironitoriru) were added, and it stirred at 80 degrees C under nitrogen-gas-atmosphere mind for 8 
hours. After diluting a reaction solution with a tetrahydrofuran (THF), it was dropped at the 11. water-ethanol 
mixed solution containing a small amount of hydroquinone. Generated precipitate was carried out the ** 
exception with the glass filter, and it was made to dry at O.lmmHg and 45 degrees C for 16 hours. The powder of 
the obtained white was again dissolved in THF, and the same precipitate as the above-mentioned thing - 
desiccation were repeated twice. The copolymer of the target white was obtained. Yield = 7.78g (72%). 
[0101] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 1:1. The 
permeability in the wavelength of 248nm of this copolymer is 75% (on 1 micrometer of thickness, and a quartz 
substrate), and showed that it excelled in transparency. Moreover, the result of other analysis is as follows. 
Weight average molecular weight: 7620 (standard polystyrene conversion). 
[0102] Degree of dispersion: 1.41. 
IR (KRS-5, cm-1) : 3193, 1751, 1726, 1218, 1201. 

The copolymer compounded in the formation aforementioned example 2 of example 4 resist pattern was 
dissolved in propylene glycol methyl ether acetate, and it ****ed in the solution 17% of the weight. In addition, 8% 
of the weight of gamma-butyrolactone was also included in this copolymer solution as an auxiliary solvent. The 
triphenylsulfonium trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained 
solution to the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist 



solution. It is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a 
Teflon TM membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 1 10 degrees C. The 
resist coat of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer 
laser stepper (NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water 
solution, and the rinse was carried out for 60 seconds by deionized water. 40 mJ/cm2 With light exposure, 0.3- 
micrometer Rhine - and - tooth-space (last shipment) pattern were resolvable. 

[0103] Subsequently, when the silicon substrate which applied the resist as mentioned above was held in the 
parallel monotonous mold RIE system and Ar sputter etching was performed under the conditions of 
Pmicro=200W, pressure =0.02Torr, and argon (Ar) gas =50sccm, it was checked by thickness measurement that 
dry etching resistance equivalent to Nagase positive resist NPR-820 (Nagase& Co., Ltd. make) which is a 
novolak resist is shown. 

The copolymer compounded in the formation aforementioned example 3 of example 5 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 18% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 2% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 1 10 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. 35 mJ/cm2 At light exposure, it is 0.3 micrometers. 
The last shipment pattern was resolvable. 

[0104] Subsequently, when Ar sputter etching of the silicon substrate which applied the resist as mentioned 
above was carried out by the same technique as said example 4, it was checked that dry etching resistance 
equivalent to Nagase positive resist NPR-820 (above) is shown. The copolymer compounded in the formation 
aforementioned example 2 of example 6 resist pattern was dissolved in ethyl lactate, and it ****ed in the 
solution 18% of the weight. The diphenyliodonium trifluoromethane sulfonate of 2% of the weight of an amount 
was added to the obtained ethyl lactate solution to the copolymer, and it was made to fully dissolve in it. It is 0.2 
micrometers about the obtained resist solution. It is 2000rpm on the silicon substrate which gave the adhesion 
promoter coat after filtering with a Teflon TM membrane filter. The spin coat was carried out and it prebaked for 
60 seconds at 1 10 degrees C. The resist coat of 0.7 micrometers of thickness was obtained. After exposing this 
resist coat with an ArF excimer laser aligner (the NIKON CORP. make, NA=0.55), negatives were developed in 
2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and the rinse was carried out for 60 seconds 
by deionized water. 10 mJ/cm2 At light exposure, it is 0.2 micrometers. The last shipment pattern was 
resolvable. 

[0105] Subsequently, when Ar sputter etching of the silicon substrate which applied the resist as mentioned 
above was carried out by the same technique as said example 4, it was checked that dry etching resistance 
equivalent to Nagase positive resist NPR-820 (above) is shown. In the fully dried 200ml eggplant form flask into 
which the star rubber to which synthetic Teflon TM coating of example 7 methacrylic-acid (**)-mevalonic 
lactone ester / the methacrylic-acid norbornyl copolymer was carried out was put The methacrylic-acid (**)- 
mevalonic lactone ester of preparation in said 10g (50.5 millimol) example 1, 9.90g (50.5 millimol) methacrylic-acid 
norbornyl, 33.7ml dioxane, and 2.49g (15.2 millimol) azobisisobutyronitril (azobisuisobutironitoriru) were added, and 
it stirred at 80 degrees C under nitrogen-gas-atmosphere mind for 8 hours. After diluting a reaction solution 
with a tetrahydrofuran (THF), it was dropped at the 31. water-ethanol mixed solution containing a small amount 
of hydroquinone. Generated precipitate was carried out the ** exception with the glass filter, and it was made to 
dry at O.lmmHg and 45 degrees C for 16 hours. The powder of the obtained white was again dissolved in THF, 
and the same precipitate as the above-mentioned thing - desiccation were repeated twice. The copolymer of 
the target white was obtained. Yield = 14.33g (72%). 

[0106] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 1:1. The 
permeability in the wavelength of 248nm of this copolymer is 95% (on 1 micrometer of thickness, and a quartz 
substrate), and showed that it excelled in transparency. Moreover, the result of other analysis is as follows. 
Weight average molecular weight: 1 3600 (standard polystyrene conversion). 
<DP N=0017> [0107] Degree of dispersion: 1.52. 
IR (KRS-5, cm-1) : 2960, 1727, 1259, 1148. 

In the fully dried 200ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
example 8 methacrylic-acid (**)-mevalonic lactone ester / the methacrylic-acid adamanthyl copolymer was 
carried out was put The methacrylic-acid (**)-mevalonic lactone ester of preparation in said 10g (50.5 millimol) 
example 1, 11.13g (50.5 millimol) methacrylic-acid adamanthyl, 33.7ml dioxane, and 2.49g(15.2 millimol) 
azobisisobutyronitril (azobisuisobutironitoriru) were added, and it stirred at 80 degrees C under nitrogen-gas- 
atmosphere mind for 8 hours. After diluting a reaction solution with a tetrahydrofuran (THF), it was dropped at 



the 31. water-ethanol mixed solution containing a small amount of hydroquinone. Generated precipitate was 
carried out the ** exception with the glass filter, and it was made to dry at O.lmmHg and 45 degrees C for 16 
hours. The powder of the obtained white was again dissolved in THF, and the same precipitate as the above- 
mentioned thing - desiccation were repeated twice. The copolymer of the target white was obtained. Yield = 
15.85g (75%). 

[0108] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 1:1. The 

permeability in the wavelength of 248nm of this copolymer is 95% (on 1 micrometer of thickness, and a quartz 

substrate), and showed that it excelled in transparency. Moreover, the result of other analysis is as follows. 

Weight average molecular weight: 14100 (standard polystyrene conversion). 

[0109] Degree of dispersion: 1.41. 

IR (KRS-5, cm-1) : 2912, 1722, 1259, 1093. 

The copolymer compounded in the formation aforementioned example 7 of example 9 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 17% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. 38 mJ/cm2 At light exposure, it is 0.3 micrometers. 
The last shipment pattern was resolvable. 

The copolymer compounded in the formation aforementioned example 8 of example 10 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 17% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 seconds ] 30 mJ/cm2 At 
light exposure, it is 0.3 micrometers. The last shipment pattern was resolvable. 

The copolymer compounded in the formation aforementioned example 7 of example 1 1 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 1 7% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 2% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 seconds ] 20 mJ/cm2 At 
light exposure, it is 0.3 micrometers. The last shipment pattern was resolvable. 

The copolymer compounded in the formation aforementioned example 8 of example 12 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 17% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 2% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 seconds ] 23 mJ/cm2 At 
light exposure, it is 0.3 micrometers. The last shipment pattern was resolvable. 

In the fully dried 100ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
the example 13 methacrylic-acid (**)-mevalonic lactone ester / methacrylic-acid 2-methyl-2-adamanthyl 
copolymer was carried out was put The methacrylic-acid (**)-mevalonic lactone ester of preparation in said 
4.96g (25 millimol) example 1, 5.87g (25 millimol) methacrylic-acid 2-methyl-2-adamanthyl, 16.7ml dioxane, and 
1.23g (9 millimol) azobisisobutyronitril (azobisuisobutironitoriru) were added, and it stirred at 80 degrees C under 
nitrogen-gas-atmosphere mind for 8 hours. After diluting a reaction solution with a tetrahydrofuran (THF), it was 
dropped at the 11. methanol containing a small amount of hydroquinone. Generated precipitate was carried out 
the ** exception with the glass filter, and it was made to dry at O.lmmHg and 45 degrees C for 16 hours. The 



powder of the obtained white was again dissolved in THF, and the same precipitate as the above-mentioned 
thing - desiccation were repeated twice. The copolymer powder of the target white was obtained. Yield = 7.44g 
(68.7%). 

[0110] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 
lactone:adamanthyl =46.5:53.5. By 96% and 193nm, the permeability in the wavelength of 248nm of this copolymer 
is 64% (on 1 micrometer of thickness, and a quartz substrate), and showed that it excelled in transparency. 
Moreover, the result of other analysis is as follows. 

[01 1 1] Weight average molecular weight: 13900 (standard polystyrene conversion). 
Degree of dispersion: 1 .78. 

IR (KRS-5, cm-1 ) : 291 4, 1 724, 1 259, 1 1 47, 1 1 03. 

The copolymer compounded in the formation aforementioned example 13 of example 14 resist pattern was 
dissolved in propylene glycol methyl ether acetate, and it ****ed in the solution 19% of the weight. In addition, 8% 
of the weight of gamma-butyrolactone was also included in this copolymer solution as an auxiliary solvent. The 
triphenylsulfonium trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained 
solution to the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist 
solution. It is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a 
Teflon TM membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The 
resist coat of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer 
laser stepper (NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water 
solution, and the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 seconds ] 
8.3 mJ/cm2 With light exposure, 0.25-micrometer Rhine - and - tooth-space (last shipment) pattern were 
resolvable. 

[01 12] Subsequently, the silicon substrate which applied the resist (MLMA-MAdMA) as mentioned above was 
held in the parallel monotonous mold RIE system, and it etched over 5 minutes under the conditions of 
Pmicro=200W, pressure =0.02Torr, and CF4 gas =100sccm. The test result as shown in the next table was 
obtained about the etching rate and the rate ratio (as opposed to NPR-820). 

[0113] Moreover, the same etching and the same trial were performed using Nagase positive resist NPR-820 
(Nagase& Co., Ltd. make) and PMMA (polymethylmethacrylate) which are a commercial novolak resist for the 
comparison. 

A sample offering resist Etching rate (a part for A/) Rate ratio NPR-820 523 1.00 PMMA 790 1.51 MLMA- 
MAdMA 610 1.17 From the result shown in the above-mentioned table, the etching resistance of the resist 
(MLMA-MAdMA) by this invention Nagase who is a novolak resist — positive — it is equivalent to it of resist 
NPR-820, and it being markedly alike and excelling PMMA (polymethylmethacrylate) was checked. 
The copolymer compounded in the formation aforementioned example 13 of example 15 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 18% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 seconds ] 7.4 mJ/cm2 
At light exposure, it is 0.25 micrometers. The last shipment pattern was resolvable. 

[0114] subsequently, the place which etched the silicon substrate which applied the resist as mentioned above 
by the same technique as said example 14 — Nagase — positive — it is equivalent to resist NPR-820 (above), 
and it was checked that the etching resistance which was markedly alike and was superior to PMMA is shown. 
The copolymer compounded in the formation aforementioned example 13 of example 16 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 18% of the weight. The diphenyliodonium trifluoromethane 
sulfonate of 2% of the weight of an amount was added to the obtained ethyl lactate solution to the copolymer, 
and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It is 2000rpm on 
the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM membrane filter. 
The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat of 0.7 
micrometers of thickness was obtained. After exposing this resist coat with an ArF excimer laser aligner (the 
NIKON CORP. make, NA=0.55), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) 
water solution, and the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 
seconds ] 6 mJ/cm2 At light exposure, it is 0.2 micrometers. The last shipment pattern was resolvable. 
[01 15] subsequently, the place which etched the silicon substrate which applied the resist as mentioned above 
by the same technique as said example 14 — Nagase — positive — it is equivalent to resist NPR-820 (above), 
and it was checked that the etching resistance which was markedly alike and was superior to PMMA is shown. 



[0116]- 

[Effect of the Invention] If the resist constituent by this invention is used, a detailed positive resist pattern 
without swelling can be formed by usable sensibility, moreover, while making the acid sensitivity polymer of this 
resist constituent into the form of a copolymer, the monomer frame of that 1st monomeric unit is chosen, and 
there are more than one as a partner of that copolymerization — it is — the new high sensitivity resist which 
can respond also to the exposure light source of ultrashort wavelength like ArF excimer laser can be offered by 
using a monomeric unit which contains the alicyclic hydrocarbon radical of many rings. 

[01 1 7] In the acid sensitivity polymer of the form of a copolymer, it adds to including the 1 st protective group 
(ester group) content carboxyl group in the side chain of the 1st monomeric unit further again. Since both 1st 
and 2nd ester groups which have protected the carboxyl group can **** by the acid catalyzed reaction when 
the 2nd protective group (ester group) content carboxyl group is included also in the 2nd monomeric unit at the 
side chain, The sensibility higher than the case and the high definition of the conventional resist constituent can 
be acquired easily. Since the chromophore which has an absorbancy index high RIE resistance and big to that 
copolymer itself since it has the adamanthyl radical whose 2nd monomeric unit of that copolymer is the alicyclic 
hydrocarbon radical of many rings is not included in deep ultra-violet range, this copolymer can also offer the 
new high sensitivity resist which can respond also to the exposure light source of ultrashort wavelength like ArF 
excimer laser. 



[Translation done.] 



* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention is described in more detail about a resist constituent, it relates to a 
resist constituent like excimer laser which can use the light of short wavelength as a radiation for image 
formation more, and can develop negatives with a basic water solution after exposure. This invention relates to 
the formation approach of the positive type resist pattern which used such a resist constituent again. The resist 
constituent of this invention belongs under the category of the so-called "chemistry magnification mold resist", 
is usable sensibility and can form a detailed positive pattern without swelling. 
[0002] 

[Description of the Prior Art] In recent years, high integration progresses, as for the semiconductor integrated 
circuit, LSI and VLSI are put in practical use, and the minimum line width of a circuit pattern has reached the 
field of a subhalf micron. For this reason, it is indispensable to establish ultra-fine processing technology, in the 
lithography field, as a solution of that demand, the wavelength of the ultraviolet rays of the exposure light source 
is made to shift to the short wavelength of a far-ultraviolet field, and development of the aligner using the light 
source of the wavelength of deep ultra-violet range also prospers further. In connection with this, a resist 
ingredient also has more little absorption of light in the above short wavelength, and development of the 
ingredient which doubles and has dry etching resistance with sensibility high good serves as pressing need. 
[0003] Development of the resist which the photolithography using krypton fluoride excimer laser (it omits the 
wavelength of 248nm and Following KrF) as a new exposure technique in current and semi-conductor 
manufacture is studied briskly, and gave good sensibility and definition in such a short wavelength field, and has 
stability is becoming pressing need. As a resist with the high sensitivity and high resolution which can respond to 
such a source of short wave Nagamitsu The resist constituent using the concept called a chemistry 
magnification mold is already presented by H.Ito and others of U.S. IBM. for example, J.M.J.Frechet et al. and 
Proc.Microcircuit Eng. — 260 (1982), H.Ito et al., Digest of Technical Papers of 1982 Symposium on VLSI 
Technology, 86 (1983), H.Ito et al., "Polymers in Electronics", ACS Symposium Series Please refer to the volume 
242 and on T.Davidson, ACS, 1 1 (1984), and U.S. Pat. No. 4,491,628. The fundamental concept of the above- 
mentioned resist constituent makes catalytic reaction cause in the resist film, raises an apparent quantum yield, 
and, therefore, is based on attaining high sensitivity-ization of the resist constituent so that I may be easily 
understood from the above-mentioned reference etc. 

[0004] If the chemistry magnification mold resist which be widely study by the current emergency and which 
added the photo-oxide generating agent (PAG) which have the operation which generate an acid by light to the 
t-butoxy KARUBONIRUPORI vinyl phenol (t-BOCPVP) be take for an example, in the exposure section of a 
resist, by heating after exposure, and the so-called "the PEB (postexposure baking)", a t-BOC radical will **** 
and it will become isobutene and a carbon dioxide. Moreover, the proton acid produced at the time of desorption 
of t-BOC serves as a catalyst, the above-mentioned deprotection reaction advances continuously, and the 
polarity of the exposure section changes a lot. In the resist of this example, a resist pattern can be easily formed 
by choosing the suitable developer which can respond to a big change of the polarity of the exposure section. 
[0005] However, since the chemical structure of the resin has constraint, the conventional chemistry 
magnification mold resist has the problem that it is difficult to satisfy all requirements, such as sensibility, 
transparency in exposure wavelength, preservation stability, the ease of acquisition, and definition. Especially an 
important point is constraint of the protective group from which it should be desorbed by heat-treatment under 
existence of the photo-oxide generating agent in a chemistry magnification mold resist, namely, when the 
chemistry magnification intervention component which exists in the side chain of the monomeric unit of a film- 
forming polymer is carboxylate, as for the suitable protective group for the carboxyl group, t-butyl, 1, and 1- 
dimethylbenzyl radical, a tetrahydropyranyl group, a 3-oxocyclohexyl radical, an isobornyl radical, etc. are known 

**** — it does not pass but to offer still more effectively the protective group which can act is desired. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to be able to follow, to be able to 



solve a- trouble of a Prior art which was described above, able to use a basic water solution as a developer, have 
usable sensibility, and offer the new resist constituent which can form a detailed pattern without swelling. 
[0007] The purpose of this invention can respond also to the exposure light source of deep ultra-violet range, 
such as KrF excimer laser, and is again to offer the new resist constituent excellent also in dry etching 
resistance. Another purpose of this invention is to enlarge the polarity between the exposure section and the 
unexposed section, and offer the new resist constituent which can form high sensitivity, and high contrast and 
the pattern which follows and has high resolution. 

[0008] One purpose is now [ of this invention ] to offer the approach of forming a resist pattern using such a 

new resist constituent. 

[0009] 

[Means for Solving the Problem] That the above-mentioned technical problem should be solved, wholeheartedly, 
as a result of research, this invention persons acquire the knowledge that it is effective to use what uses the 
film-forming polymer which has a protective group content carboxyl group for the side chain of a monomeric unit 
as a polymer used as base material resin in a chemistry magnification mold resist constituent, and has a specific 
lactone part as a protective group of the carboxyl group of the polymer, and came to complete this invention. 
[0010] This invention is a film-forming polymer which has a protective group content carboxyl group in the side 
chain of a monomeric unit in the one field. The acid sensitivity polymer which can become meltable in a basic 
water solution when it is insoluble in a the very thing basicity water solution, however the protective group of 
said carboxyl group is desorbed from a side chain, Lactone part with which said acid sensitivity polymer is 
expressed by the degree type (I) in that case coming [ the photo-oxide generating agent which can generate the 
acid with which the desorption of the protective group of said carboxyl group can be caused if the radiation for 
image formation is absorbed and it decomposes ] : [001 1] 
[Formula 4] 
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[0012] It is in the resist constituent in which development is possible in the basic water solution characterized 
by containing (R may express the alkyl group of the straight chain which has 1-4 carbon atoms, or branched 
chain, for example, a methyl group, an ethyl group, a propyl group, etc., and these radicals may be a permutation 
or unsubstituted any, and n is the integer of 1-4 in an upper type) as a protective group of said carboxyl group. 
[0013] In the resist constituent by this invention, the acid sensitivity polymer used as the base material resin 
includes the various polymers from the homopolymer which is used in large semantics, therefore consists only of 
a single monomeric unit to the copolymer (a 3 component copolymer etc. is included) of such a monomeric unit 
and the monomeric unit of others of arbitration, at least one of the monomeric units from which the polymer 
used here constitutes it preferably — and When the polymer takes the form of a copolymer especially, the 
monomeric unit of the polymerization partner of a monomeric unit who has a protective group content carboxyl 
group An acrylate system monomeric unit, i.e., an acrylate system, and a methacrylate system monomeric unit, 
(Meta) A vinyl phenol system monomeric unit, N-permutation maleimide system monomeric unit, It is what is the 
monomeric unit which has an ester group containing the alicyclic hydrocarbon part of a styrene system 
monomeric unit, plurality, or a polycyclic type. Still more preferably an alicyclic hydrocarbon part is the 
monomeric unit which has the ester group containing the alicyclic hydrocarbon part of the plurality which is an 
adamanthyl radical and (or) a norbornyl radical, or a polycyclic type. 

[0014] Moreover, the lactone part as a protective group of the carboxyl group contained in the side chain in this 
acid sensitivity polymer is (**)-mevalonic lactone: [0015] preferably expressed by the degree type (IV) although 
it is said that it can have the structure of arbitration. 
[Formula 5] 



(IV) 



[0016] It is guided from (the inside of a formula and R are the same as said definition). The resist constituent of 




this invention gives it to a quartz substrate, and is 1 micrometer of thickness on the substrate further again. 

When a coat is formed, the permeability in the wavelength (180-300nm) of the exposure light source of deep 

ultra-violet range is 30% or more preferably. When the above mentioned acid sensitivity polymer takes the 

gestalt of a copolymer, having the additional protective group content carboxyl group also has the desirable 

monomeric unit of the polymerization partner of a monomeric unit who has a protective group content carboxyl 

group, namely, the monomeric unit containing the 1 st protective group content carboxyl group in which an acid 

sensitivity copolymer contains said lactone part carried out as a protective group — in addition, you may have 

the monomeric unit containing the 2nd protective group content carboxyl group, and such a combination is also 

desirable. Here, the monomeric unit containing the 2nd protective group content carboxyl group is partial: [0017] 

which has a carboxyl group containing the protective group from which it can be desorbed according to an 

operation of the additional acid from said photo-oxide generating agent in the side chain of the monomeric unit, 

and is preferably expressed with it by the degree type (II) in that case. 

[Formula 6] 
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[0018] It is the monomeric unit which contains (RI expresses the alkyl group of the straight chain which has 1-4 
carbon atoms, or branched chain, you may be a permutation or unsubstituted any, and Z expresses two or more 
atoms required to complete an alicyclic hydrocarbon radical with the carbon atom which RI combined in an upper 
type) as a protective group of said carboxyl group. 

[0019] Although it is said with various gestalten that the 2nd protective group content carboxyl group may exist, 

it is preferably expressed by the degree type (III). 

[0020] 

[Formula 7] 
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[0021] (In an upper type, RI and Z are the same as said definition respectively) . The resist constituent of this 
invention is offered in the form of the solution which dissolved in the solvent preferably chosen from the group 
which consists of ethyl lactate, methyl amyl ketone, methyl-3-methoxy propionate, ethyl-3-ethoxy propionate, 
propylene glycol methyl ether acetate, and its mixture. Moreover, this resist solution may contain further the 
solvent chosen from the group which consists of butyl acetate, gamma-butyrolactone, propylene glycol methyl 
ether, and its mixture as an auxiliary solvent if needed. 

[0022] Moreover, this invention is the approach of forming a resist pattern in the field of another, applies the 
following resist constituent of process:this invention on a processed substrate, and exposes the formed resist 
film alternatively with the radiation for image formation which can carry out induction of the decomposition of 
the photo-oxide generating agent of said resist constituent, and is in the formation approach of the resist 
pattern characterized by coming to contain developing the resist film after exposure in a basic water solution. 
[0023] As for the resist film formed on the processed substrate, in the formation approach of the resist pattern 
by this invention, it is desirable to present heat-treatment after that, before presenting a selection exposure 
process with it. That is, by this invention approach, while presenting prebaking processing before the exposure, 
before developing negatives by being after exposure, postbake processing in which it explained as PEB 
(postexposure baking) previously is presented with the resist film. These heat-treatment can be advantageously 
carried out according to a conventional method. 
[0024] 

[Embodiment of the Invention] The formation approach of the resist constituent by this invention and a resist 
pattern can be enforced with various desirable gestalten so that he can understand easily from the following 
detailed explanation. This invention relates to the resist constituent of the chemistry magnification mold in which 
development is possible with the basic water solution for forming a positive resist pattern on a processed 
substrate. This resist constituent is a film-forming polymer which has a protective group content carboxyl group 
in the side chain of the (a) monomeric unit, as described above. The acid sensitivity polymer which can become 
meltable in a basic water solution when it is insoluble in a the very thing basicity water solution, however the 
protective group of said carboxyl group is desorbed from a side chain, (b) It comes to contain the photo-oxide 
generating agent (PAG) which can generate the acid with which the desorption of the protective group of said 
carboxyl group can be caused if the radiation for image formation is absorbed and it decomposes. Moreover, said 
acid sensitivity polymer contains the specific lactone part with which it is expressed by the front type (I) as a 



protective group of said carboxyl group in that case. If PAG in resist constituent which is as follows when here 
explains the mechanism of the chemistry magnification in the resist constituent of this invention is exposed to 
the radiation for image formation after formation of the resist film, it will absorb the radiation and will generate 
an acid. Subsequently, if the resist film after this exposure is heated, the acid produced previously will act in 
catalyst and the following reactions will advance in the membranous exposure section. 
;0025] 
'Formula 8] 
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[0026] In the resist constituent of this invention, since it set to the acid sensitivity polymer as base material 
resin and the functional group from which it can be desorbed is easily introduced into the ester part of the 
monomeric unit with heating under existence of an acid catalyst, by the desorption, proton acid can be 
reproduced and, therefore, high sensitivity can be attained. Moreover, since a carboxylic acid generates after 
desorption of a functional group, the exposure section of the resist film becomes meltable to a base, and, 
therefore, can be developed in a basic water solution. Since the exposure section carries out dissolution 
removal, the resist pattern obtained is a positive pattern. In addition, in this invention, since pattern formation is 
performed using a polar change produced in a polymer, a pattern without swelling is obtained. 
[0027] Moreover, especially the acid sensitivity polymer used as base material resin in the resist constituent of 
this invention can be set when it takes the gestalt of a copolymer, and in addition to having easily the functional 
group from which it can be desorbed with heating under existence of an acid catalyst, also in the 2nd monomeric 
unit, it can have the same functional group into the ester part of the 1 st monomeric unit. In such a case, since 
the functional group of both in a copolymer may **** by the acid catalyzed reaction, sensibility and definition 
higher than the copolymer constituted so that the functional group of one of the two's monomeric unit might 
**** and a soluble change might be given can be reconciled. 

[0028] Also although the acid sensitivity polymers used as the base material resin are not conditions which were 
described above, and the thing limited especially as long as the conditions for the mechanism of chemistry 
magnification are fulfilled especially in the resist constituent by this invention When acquiring about the same dry 
etching resistance as a novolak resist is taken into consideration, use of an acrylate system polymer, a 
methacrylate system polymer, a vinyl phenol system monomeric unit, N-permutation maleimide system polymer, 
a styrene system polymer, etc. is recommended. When using deep ultraviolet as the exposure light source, the 
absorption of light of the wavelength of deep ultra-violet range is important for especially an acrylate system 
and a methacrylate system polymer in a small point. If it puts in another way, when making deep ultraviolet into 
the exposure light source, it is desirable to use the polymer which has structure which does not contain a 
chromophore with the aromatic series ring which absorbs the light of deep ultra-violet range greatly and molar 
extinction coefficients, such as conjugated double bond, large generally. 

[0029] moreover, in using the exposure light source of an ultrashort wavelength field like argon fluoride (ArF) 
excimer laser Since the transparency in the wavelength (193nm) of the exposure light source concerned is 
needed with dry etching resistance, It is the polymer which was described above and the strong aromatic series 
ring of absorption is not included. Instead Use of the polymer and division acrylate system which have the ester 



group which dry etching resistance is high, for example, contains the alicyclic hydrocarbon part of the plurality or 
polycyclic type represented by an adamanthyl radical and the norbornyl radical, and a methacrylate system 
polymer is recommended. Here, the alicyclic hydrocarbon part which should be contained in an ester group 
includes well-known various radicals in the field of a chemistry magnification mold resist. If a suitable alicyclic 
hydrocarbon radical shows the example, it will make the following compounds a frame. 

[0030] (1) Adamantane And the derivative (2) norbornane And the derivative (3) par hydronalium anthracene And 
the derivative (4) par hydronalium naphthalene and derivative (5) tricyclo — [ — 5.2.1.02, 6] Deccan, its 
derivative (6) bicyclo hexane, its derivative (7) spiro [4, 4] nonane, derivative (8) spiro [4, 5] Deccan, and its 
derivative — the compound of these, respectively : expressed with the following structure expressions [0031] 
[Formula 9] 




[0032] Furthermore, the molecular weight (weight average molecular weight and Mw) of an acrylate system 
polymer (meta) which was described above, and other acid sensitivity polymers can be changed in the large 
range. Preferably, the range of the molecular weight of this polymer is 2000-1 million, and its range of 3000- 
50000 is more desirable. Although the acid sensitivity polymer which can be advantageously used in operation of 
this invention is not necessarily still more specifically limited to what is enumerated below, it includes the 
following polymers. In addition, m in a formula is the number of monomeric units (repeat unit) required to obtain 
the above-mentioned weight average molecular weight, and LAC expresses the lactone part of a front type (I), 
and they are cyano groups, such as low-grade alkyl groups, for example, a methyl group etc., such as the 
substituent of arbitration, for example, a hydrogen atom, a halogen atom, for example, chlorine, and a bromine, 
and others except for the case where X has a notice especially. 
(1) (meta) Acrylate system polymer [0033] 

[Formula 10] 
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[0034] (2) Vinyl phenol system polymer [0035] 
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[0036] (3) Fumaric-acid system polymer [0037] 
[Formula 12] 
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[0038] In an upper type, R' expresses said LAC or expresses others for aryloxy groups, for example, a phenoxy 
group, such as an alkoxy group, for example, a methoxy group, an isopropoxy group, and a t-butoxy radical, a 
benzyloxy radical, etc. 

(4) Vinyl benzoic-acid system polymer [0039] 
[Formula 13] 
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[0040] (5) Norbornene carboxylic-acid system polymer [0041] 

[Formula 14] 
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[0042] (6) Itaconic-acid system polymer [0043] 
[Formula 15] 
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[0044] In an upper type, R' is the same as said definition. 
(7) Maleic-acid system polymer [0045] 
[Formula 16] 
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[0046] In an upper type, R' is the same as said definition, in addition, also in advance, these polymers were 
explained — as — suitable other monomeric units and ****** — the copolymers (a 2 component copolymer, 3 
component copolymer, etc.) of arbitration may be constituted. The acid sensitivity copolymer which can be used 
in this invention is as being shown in the following formula (V) and (VI), when the aforementioned (meta) acrylate 
system polymer is explained with reference to what is made into a subject. In addition, an acrylate (meta) system 
3 component copolymer can also be constituted according to this. 
[0047] 

[Formula 17] 
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[0048] 

[Formula 18] 
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[0049] In an upper type, R1 expresses hydrogen or expresses the substituent of arbitration, for example, a 
halogen, an alkyl group, a methylol radical, etc. Y Alicyclic radicals, the substituent, for example, the alkyl group, 
for example, t-butyl etc., of arbitration etc., Adamanthyl, norbornyl, cyclohexyl, tricyclo [5.2.1.0] Deccan, etc. are 
expressed. For example, B The substituent of arbitration, for example, a carboxyl group etc., is expressed, I and 
m are the mole ratios of each monomeric unit, and it is l+m=1, and X and LAC are the same as said definition 
respectively. 

[0050] Moreover, if it clarifies in relation to this, the acrylate system polymer with which the usefulness was 
found out especially in this invention persons and which contains (**)-mevalonic lactone (meta) acrylic ester in 
a constituent (meta) is new, and is not taught at all by the Prior art. It can reach and other acrylate (meta) 
system polymers can be prepared using the polymerization method generally used in the chemistry of a polymer 
also including these things in the gestalt of a copolymer. For example, the acrylate (meta) system polymer of this 
invention can be advantageously prepared by carrying out the free radical polymerization of the predetermined 
monomer component in existence of the 2,2'-azobis isobutyronitrile (azobisuisobutironitoriru) as a free radical 
initiator, although detailed explanation is omitted in this application specification. Moreover, acid sensitivity 
polymers other than an acrylate (meta) system polymer can be similarly prepared advantageously according to a 
conventional method. 

[0051] By the way, when an acid sensitivity polymer takes the gestalt of a copolymer, the rate of a monomeric 
unit of having the lactone part of a formula (I) in an ester group before occupying in the copolymer is 20 - 70 % 
of the weight preferably. If the content of this monomeric unit is less than 20 % of the weight, satisfying 
patterning will become impossible, and if it exceeds 70 % of the weight reversely [ that ], it will change to a basic 
water solution possible [ the dissolution ]. The content of this monomeric unit is 30 - 60 % of the weight still 
more preferably. 

[0052] Moreover, when the acid sensitivity polymer contained as base material resin in it takes the gestalt of a 
copolymer in the resist constituent of this invention according to this invention persons' further knowledge, 
having the additional protective group content carboxyl group, as described above also has the desirable 
monomeric unit of the polymerization partner of a monomeric unit who has a protective group content carboxyl 
group, namely, the monomeric unit containing the 1st protective group content carboxyl group in which an acid 
sensitivity copolymer contains said lactone part carried out as a protective group — in addition, you may have 
the monomeric unit containing the 2nd protective group content carboxyl group, and such a combination is 
desirable. Here, the monomeric unit containing the 2nd protective group content carboxyl group is partial: [0053] 
which has a carboxyl group containing the protective group from which it can be desorbed according to an 
operation of the additional acid from said photo-oxide generating agent in the side chain of the monomeric unit, 
and is preferably expressed with it by the degree type (II) in that case. 
[Formula 19] 

I , — . 
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[0054] It is the monomeric unit which contains (RI expresses the alkyl group of the straight chain which has 1-4 
carbon atoms, or branched chain, you may be a permutation or unsubstituted any, and Z expresses two or more 
atoms required to complete an alicyclic hydrocarbon radical with the carbon atom which RI combined in an upper 
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[0055] 



[Formula 20] 
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a ic Ri And Z is the same as said definition respectively. When it states 
[0056] It sets at an upper ceremony and is RI. And Z is the same as protective group content 



degree type (VII) preferably. 
[0057] 

[Formula 21] 
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[0058] in an upper type. R. RI. end R1. X, m and I are ^^^^Z^-t^l^ differ and 



by the degree type (VIII) 
[0059] 

[Formula 22] 
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[0060] In an upper type, Me could express ^J*^j^ VZ^XC^tXer same 
hydrogen atom, and m and I are the same as sa d de J^J£J a ^£ high dry etching resistance (RIE 
copolymers, since an adamanthyl radical ,s included the ^ester ^ sectio g ry ^ by ^ 

resistance) can be acquired. If it is going to acquire ^^^^^^ 5 0 mol % the content of the 
the current general purpose is carried out here it ^r^^^^Z a copo |ymer. Moreover, since this 
methacrylic-acid 2-methyl-2-adamanthyl which is th ° 2 " d ^ of absorption, it is very 

copolymer has the structure which does not contain ^.^^^"j,^" fl uor ide (ArF) excimer laser, 
advantageous about the transparency in ^^J^^ST^l oUhe weight, and the content of the 
[0061] It is desirable still more desirable that ,t , .generally ' ^outffl > " copolymer which was 

methacrylic-acid (**)-mevalonic lactone ester which .s the 1st _ ^om« cut y ^ ^ ^ 

described above is about 30 - 60 % of the we.gh t. which js ^ 2nd 

about 20 - 80 % of the weight, and the content of the • ^a c ^o acid Z m J that jt was |ittle or 

monomeric unit in this copolymer ,s about 30 - 70 and J as CO ntained. un-arranging [ of 

c^!^ — — — 7 ^ diSSO,Uti ° n ] 



[0062] -Moreover, a similar reaction [ in / the mechanism of the chemistry magnification in a copolymer including 
the 1st and 2nd monomeric units which were described above is the same as the mechanism of the chemistry 
magnification in the homopolymer explained previously fundamentally, and / the 2nd monomeric unit ] will be 
added to this. Namely, it is known well that the polymer of an acrylic acid or a methacrylic acid has high 
transparency by deep ultra-violet range. Moreover, for example, the methacrylic-acid (**)-mevalonic lactone 
ester / methacrylic-acid 2-methyl-2-adamanthyl copolymer expressed by the before type (VIII) Since two kinds 
of ester sections contained do not contain a chromophore with a big molar extinction coefficient in 190-250nm 
in the structure, respectively It becomes the high sensitivity resist which will generate an acid if the radiation for 
image formation of optimum dose is absorbed and it decomposes, and can respond also to the exposure using 
deep ultraviolet advantageously if the compound (PAG) from which the above-mentioned ester section may be 
desorbed is combined. 

[0063] If PAG is exposed to the radiation for image formation after formation of the resist film, it will absorb the 
radiation and will generate an acid. Subsequently, if the resist film after this exposure is heated, the acid 
produced previously will act in catalyst and the following reactions will advance to coincidence separately in the 
membranous exposure section. 
[0064] 

[Formula 23] 
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[0065] 

[Formula 24] 
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[0066] In a copolymer which was described above, since the functional group from which it can be desorbed is 
easily introduced into the ester part of the monomeric unit with heating under existence of an acid catalyst, by 
the desorption, proton acid can be reproduced and, therefore, high sensitivity can be attained. Moreover, since a 
carboxylic acid generates after desorption of a functional group, the exposure section of the resist film becomes 
meltable to a base, and, therefore, can be developed in a basic water solution. Since the exposure section 
carries out dissolution removal, the resist pattern obtained is a positive pattern. In this case, since pattern 



formation is performed using a polar change produced in a polymer, a pattern without swelling is obtained. 

T0067] Moreover, the photo-oxide generating agent (PAG) used combining an acid sensitivity polymer which was 

described above in the chemistry magnification mold resist of this invention can be matter which produces 

proton acid by the exposure of radiations, such as the photo-oxide generating agent generally used in the 

chemistry of a resist, i.e., ultraviolet rays, far ultraviolet rays, vacuum ultraviolet radiation, an electron ray, an X- 

ray, and a laser beam. The following is included although a suitable photo-oxide generating agent is not limited to 

what is enumerated below in operation of this invention. 

(1) Iodonium salt expressed by the degree type : [0068] 

[Formula 25] 
A r 



y I * (X,)- 

A 
A 

. I *=0 C F 3 S Or 

A 

[0069] (In an upper type, Ar expresses alicyclic or radicals, such as a phenyl group permuted by a permutation or 
an unsubstituted aromatic series radical, for example, a phenyl group, the halogen, the methyl group, t-butyl, an 
aryl group, etc., and X1 expresses BF4, BF6, PF6, AsF6, SbF6, CF3 S03, CI04, etc.) 
(2) Sulfonium salt expressed by the degree type : [0070] 
[Formula 26] 
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[0071] 

[Formula 27] 
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[Formula 28] 
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[0073] 

[Formula 29] 
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[0074] 

[Formula 30] 
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[0075] 

[Formula 31] 



[0076] (in an upper type, R1, R2, R3, and R4 are the same — or you may differ, and, respectively hydrogen is 
expressed, the substituent of arbitration, for example, a halogen, an alkyl group, an aryl group, etc. are expressed, 
R1, R2, and R3 are phenyl groups etc., R4 is a methyl group etc., and Ar and X1 are the same as said definition 
respectively) 

(3) Sulfonate expressed by the degree type : [0077] 
[Formula 32] 
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[0078] (In an upper type, Ar and R4 are the same as said definition) 

(4) OKISA azole derivative expressed by the degree type : [0079] 
[Formula 33] 
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[0080] (In an upper type, X2 is a halogen, for example, CI and Br, or I, however it is -CX3 One of the radicals 
may be a permutation, an unsubstituted aryl group, or an alkenyl radical) 

(5) Halogenide expressed by the degree type : [0081] 
[Formula 34] 
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[0082] (In an upper type, X2 is the same as said definition) 
(6) s-triazine derivative expressed by the degree type : [0083] 
[Formula 35] 
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[0084] (In an upper type, X2 is a halogen, for example, CI and Br, or I, however it is -CX3 One of the radicals 
may be a permutation, an unsubstituted aryl group, or an alkenyl radical) 

(7) Disulfon derivative:Ar-S02-S02-Ar expressed by the degree type (in an upper type, Ar is the same as said 
definition) 

(8) Imide compound expressed by the degree type : [0085] 
[Formula 36] 
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[0086] (In an upper type, X1 is the same as said definition) 

(9) In addition, (the sulfonates expressed by the degree type) : [0087] 

[Formula 37] 
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[0088] These photo-oxide generating agents can be used in various amount into the resist constituent of this 
invention. According to this invention persons' knowledge, the amount of the photo-oxide generating agent used 
is 0.1 - 50 % of the weight on the basis of the whole quantity of a polymer preferably. When the amount of this 
photo-oxide generating agent exceeds 50 % of the weight, it becomes impossible to already perform patterning 
as a result of light being absorbed too much. The amount of the photo-oxide generating agent used is 1 - 15 % 
of the weight on the basis of the whole quantity of a polymer still more preferably. 

[0089] Moreover, it is desirable to take into consideration the structure of a polymer and a photo-oxide 
generating agent and the amount of the photo-oxide generating agent used so that the transmission (value when 
forming the resist coat of 1 micrometer of thickness on a quartz substrate) in the exposure wavelength of the 
resist constituent of this invention which consists of an acid sensitivity polymer and a photo-oxide generating 
agent may become 30% or more in relation to the above. The resist constituent of this invention can be 
dissolved in a suitable organic solvent, and the above-mentioned acid sensitivity polymer and the above- 



mentioned photo-oxide generating agent can usually be advantageously used for it in the form of a resist 
solution. An organic solvent useful to preparation of a resist solution is not limited to these, although ethyl 
lactate, methyl amyl ketone, methyl-3-methoxy propionate, ethyl-3-ethoxy propionate, propylene glycol methyl 
ether acetate, etc. are recommended. Although these solvents may be used independently, two or more kinds of 
solvents may be mixed and used for them if needed. Although especially the amount of these solvents used is 
not limited, it is desirable to use it in sufficient amount to obtain the suitable viscosity for spreading of spin 
spreading etc. and desired resist thickness. 

[0090] In addition to a solvent (it is called especially the main solvent) which was described above, with the 
resist solution of this invention, an auxiliary solvent may be used if needed. Although use of an auxiliary solvent 
is unnecessary, when a solute with low solubility is used depending on the solubility of a solute, it is 10 - 20 % of 
the weight usually preferably [ adding in 1 - 30% of the weight of an amount to the main solvent ], and more 
preferably. Although the example of a useful auxiliary solvent is not limited to what also enumerates these below, 
it includes butyl acetate, gamma-butyrolactone, propylene glycol methyl ether, etc. 

[0091] This invention uses a resist constituent which was described above again, and also offers the approach of 
forming a resist pattern, especially a positive resist pattern on a processed substrate. Formation of the positive 
resist pattern of this invention can usually be carried out as follows. First, on a processed substrate, the resist 
constituent of this invention is applied and the resist film is formed. A processed substrate can be a substrate 
usually used in a semiconductor device and other equipments, and can raise a silicon substrate, a glass 
substrate, a nonmagnetic ceramic substrate, etc. as some of the examples. Moreover, if needed, above these 
substrates, the additional layer, for example, a silicon oxide layer, the metal layer for wiring, the interlayer 
insulation film, the magnetic film, etc. may exist, and various kinds of wiring, a circuit, etc. are made. In order to 
raise the adhesion of the resist film to it, hydrophobing processing of these substrates may be carried out 
further again according to the conventional method. As a suitable hydrophobing processing agent, 1, 1, 1, 3, 3, 
and 3-hexamethyldisilazane (HMDS) etc. can be raised, for example. 

[0092] Spreading of a resist constituent can be applied on a processed substrate by making it into a resist 
solution, as described above. Although spreading of a resist solution has the technique of daily use, such as spin 
spreading, roll coating, and DIP spreading, especially its spin spreading is useful. Although, as for resist thickness, 
the range of about 0.1-200 micrometers is recommended, in KrF exposure, 0.1-1.5 micrometers is recommended. 
In addition, the thickness of the resist film formed can be widely changed according to factors, such as the 
purpose for spending of the resist film. 

[0093] Before the resist film applied on the substrate exposes it alternatively in the radiation for image 
formation, it is desirable to prebake over about 60- 120 seconds at the temperature of about 60-160 degrees C. 
This prebaking can be carried out using a heating means in ordinary use in a resist process. As a suitable heating 
means, a hot plate, infrared-heating oven, microwave heating oven, etc. can be raised. 

[0094] Subsequently, it exposes alternatively in the radiation for image formation with the aligner of daily use of 
the resist film after prebaking. Suitable aligners are a commercial ultraviolet-rays (far-ultraviolet-rays and deep 
ultraviolet) aligner, an X-ray aligner, an electron beam machine, an excimer stepper, and others. Exposure 
conditions can choose suitable conditions each time. Especially, in this invention, as stated also in advance, 
excimer laser (KrF laser with a wavelength of 248nm and ArF laser with a wavelength of 193nm) can be 
advantageously used as the exposure light source. When it adds, with this application specification, it is a 
"radiation". When a word is used, the light from these various light sources, i.e., ultraviolet rays, far ultraviolet 
rays, deep ultraviolet, an electron ray (EB), an X-ray, a laser beam, etc. shall be meant. As a result of this 
alternative exposure, a radiation is absorbed, and the dissolution inhibitor compound contained to the exposure 
field of the resist film decomposes, and solubilizes the exposure field concerned to a basic water solution. 
[0095] Subsequently, the elimination reaction of the protective group which made the acid the catalyst is 
produced by carrying out after [ exposure ] BEKU (PEB) of the resist film after exposure. BEKU after this 
exposure can be performed like previous prebaking. For example, about 60-150 degrees C of baking temperature 
are about 100-150 degrees C preferably. After completing BEKU after exposure, the resist film after exposure is 
developed in the basic water solution as a developer. The developer of daily use, such as a spin developer, a DIP 
developer, and a spray developer, can be used for this development. Here, the basic water solutions which can 
be advantageously used as a developer are the water solution of I of the periodic table represented by the 
potassium hydroxide etc., and the hydroxide of the metal belonging to II group, and a water solution of the 
organic base which does not contain metal ions, such as tetraalkylammonium hydroxide. Basic water solutions 
are water solutions, such as tetramethylammonium hydroxide (TMAH) and hydroxylation tetraethylammonium 
(TEAH), more preferably. Moreover, this basic water solution may contain additives, such as a surfactant, for 
improvement in the development effect. As a result of development, the exposure field of the resist film carries 
out dissolution removal, and only an unexposed field remains on a substrate as a resist pattern. 
[0096] 

[Example] Subsequently, it is related with composition of an acid sensitivity polymer, preparation of a resist 



constituent, and formation of a resist pattern, and this invention is explained with reference to the example of 
shoes. In addition, please understand that the following example is not that to which it is a mere example and the 
range of this invention is limited by this. 

In the fully dried 100ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
the example 1 methacrylic-acid (**)-mevalonic lactone ester was carried out was put, a 30ml desiccation 
methylene chloride, 6g (46.1 millimol) (**)-mevalonic lactone, and 4.82g (46.1 millimol) methacrylic-acid chloride 
were added, and it stirred at 0 degree C under desiccation nitrogen-gas-atmosphere mind in it. In the obtained 
solution, 5.1 g (50.4 millimol) triethylamine and 10mg N, and N-dimethylamino pyridine were added, and it stirred 
at 0 degree C in it for 1 hour. After checking disappearance of a raw material by thin-layer chromatography, the 
reaction solution was moved to the 300ml separating funnel, and 100ml water washed, and the methylene 
chloride extracted the aqueous phase 3 times. Organic layers were collected, and saturation brine washed, and it 
was made to dry on anhydrous sodium sulfate. The organic layer after desiccation was filtered through the filter 
paper, and the solvent of a filtrate was distilled off under reduced pressure. Brown oily matter was obtained. 
When the obtained oily matter was refined by the silica gel chromatography, it was transparent and colorless and 
oil-like methacrylic-acid (**)-mevalonic lactone ester was obtained. Yield = 5.94g (65%). 

[0097] The result of analysis of the obtained product is as follows. In addition, s in a parenthesis is [ a doublet 
and m of a singlet and d ] multiplets. 

1H NMR(CDCL3, delta, and J in Hz):6. — 05, 5.58 (respectively 1 H), 4.44-4.35 (2H, m), 3.19 (1H, d, J= 17.5), 2.62 
(1H, m), 2.60 (1H, d, J= 17.5) and 2.03 (1H, m), and 1. — 91 and 1.66 (H respectively 3 s). 

[0098] Moreover, the result of analysis of IR is as follows. In addition, in the lowercase letter bundled with the 
parenthesis, in s, strong (a little more than) and m mean medium (inside), and w means weak (weakness). 
IR (KBr, neat, cm-1) : 2980 (w), 1743 (s), 1714 (s), 1271 (m), 1173 (s), 1161 (s), 1074 (m). 

In the fully dried 100ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
example 2 methacrylic-acid (**)-mevalonic lactone ester / the cyclohexyl methacrylate copolymer was carried 
out was put The methacrylic-acid (**)-mevalonic lactone ester of preparation in said 5.94g (30 millimol) example 
1, 5.04g(30 millimol) cyclohexyl methacrylate, 20ml dioxane, and 1.48g (9 millimol) azobisisobutyronitril 
(azobisuisobutironitoriru) were added, and it stirred at 80 degrees C under nitrogen-gas-atmosphere mind for 8 
hours. After diluting a reaction solution with a tetrahydrofuran (THF), it was dropped at the 11. water-ethanol 
mixed solution containing a small amount of hydroquinone. Generated precipitate was carried out the ** 
exception with the glass filter, and it was made to dry at O.lmmHg and 45 degrees C for 16 hours. The powder of 
the obtained white was again dissolved in THF, and the same precipitate as the above-mentioned thing - 
desiccation were repeated twice. The copolymer of the target white was obtained. Yield = 7.69g (70%). 
[0099] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 1:1. The 
permeability in the wavelength of 248nm of this copolymer is 95% (on 1 micrometer of thickness, and a quartz 
substrate), and showed that it excelled in transparency. Moreover, the result of other analysis is as follows. 
Weight average molecular weight: 1 1 860 (standard polystyrene conversion). 
[0100] Degree of dispersion: 1.45. 
IR (KRS-5, cm-1 ) : 2937, 1 726, 1 259, 1 1 49, 1 1 1 2. 

In the fully dried 100ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
example 3 methacrylic-acid (**)-mevalonic lactone ester / the p-acetoxy styrene copolymer was carried out 
was put The methacrylic-acid (**)-mevalonic lactone ester of preparation in said 5.94g (30 millimol) example 1, 
4.87g (30 millimol) p-acetoxy styrene, 20ml dioxane, and 1 .48g (9 millimol) azobisisobutyronitril 
(azobisuisobutironitoriru) were added, and it stirred at 80 degrees C under nitrogen-gas-atmosphere mind for 8 
hours. After diluting a reaction solution with a tetrahydrofuran (THF), it was dropped at the 11. water-ethanol 
mixed solution containing a small amount of hydroquinone. Generated precipitate was carried out the ** 
exception with the glass filter, and it was made to dry at O.lmmHg and 45 degrees C for 16 hours. The powder of 
the obtained white was again dissolved in THF, and the same precipitate as the above-mentioned thing - 
desiccation were repeated twice. The copolymer of the target white was obtained. Yield = 7.78g (72%). 
[0101] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 1:1. The 
permeability in the wavelength of 248nm of this copolymer is 75% (on 1 micrometer of thickness, and a quartz 
substrate), and showed that it excelled in transparency. Moreover, the result of other analysis is as follows. 
Weight average molecular weight: 7620 (standard polystyrene conversion). 
[0102] Degree of dispersion: 1.41. 
IR (KRS-5, cm-1) : 3193, 1751, 1726, 1218, 1201. 

The copolymer compounded in the formation aforementioned example 2 of example 4 resist pattern was 
dissolved in propylene glycol methyl ether acetate, and it ****ed in the solution 17% of the weight. In addition, 8% 
of the weight of gamma-butyrolactone was also included in this copolymer solution as an auxiliary solvent. The 
triphenylsulfonium trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained 
solution to the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist 



solution. It is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a 
Teflon TM membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 1 10 degrees C. The 
resist coat of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer 
laser stepper (NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water 
solution, and the rinse was carried out for 60 seconds by deionized water. 40 mJ/cm2 With light exposure, 0.3- 
micrometer Rhine - and - tooth-space (last shipment) pattern were resolvable. 

[0103] Subsequently, when the silicon substrate which applied the resist as mentioned above was held in the 
parallel monotonous mold RIE system and Ar sputter etching was performed under the conditions of 
Pmicro=200W, pressure =0.02Torr, and argon (Ar) gas =50sccm, it was checked by thickness measurement that 
dry etching resistance equivalent to Nagase positive resist NPR-820 (Nagase& Co., Ltd. make) which is a 
novolak resist is shown. 

The copolymer compounded in the formation aforementioned example 3 of example 5 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 18% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 2% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 1 10 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. 35 mJ/cm2 At light exposure, it is 0.3 micrometers. 
The last shipment pattern was resolvable. 

[0104] Subsequently, when Ar sputter etching of the silicon substrate which applied the resist as mentioned 
above was carried out by the same technique as said example 4, it was checked that dry etching resistance 
equivalent to Nagase positive resist NPR-820 (above) is shown. The copolymer compounded in the formation 
aforementioned example 2 of example 6 resist pattern was dissolved in ethyl lactate, and it ****ed in the 
solution 18% of the weight. The diphenyliodonium trifluoromethane sulfonate of 2% of the weight of an amount 
was added to the obtained ethyl lactate solution to the copolymer, and it was made to fully dissolve in it. It is 0.2 
micrometers about the obtained resist solution. It is 2000rpm on the silicon substrate which gave the adhesion 
promoter coat after filtering with a Teflon TM membrane filter. The spin coat was carried out and it prebaked for 
60 seconds at 1 10 degrees C. The resist coat of 0.7 micrometers of thickness was obtained. After exposing this 
resist coat with an ArF excimer laser aligner (the NIKON CORP. make, NA=0.55), negatives were developed in 
2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and the rinse was carried out for 60 seconds 
by deionized water. 10 mJ/cm2 At light exposure, it is 0.2 micrometers. The last shipment pattern was 
resolvable. 

[0105] Subsequently, when Ar sputter etching of the silicon substrate which applied the resist as mentioned 
above was carried out by the same technique as said example 4, it was checked that dry etching resistance 
equivalent to Nagase positive resist NPR-820 (above) is shown. In the fully dried 200ml eggplant form flask into 
which the star rubber to which synthetic Teflon TM coating of example 7 methacrylic-acid (**)-mevalonic 
lactone ester / the methacrylic-acid norbornyl copolymer was carried out was put The methacrylic-acid (**)- 
mevalonic lactone ester of preparation in said 10g (50.5 millimol) example 1, 9.90g (50.5 millimol) methacrylic-acid 
norbornyl, 33.7ml dioxane, and 2.49g (15.2 millimol) azobisisobutyronitril (azobisuisobutironitoriru) were added, and 
it stirred at 80 degrees C under nitrogen-gas-atmosphere mind for 8 hours. After diluting a reaction solution 
with a tetrahydrofuran (THF), it was dropped at the 31. water-ethanol mixed solution containing a small amount 
of hydroquinone. Generated precipitate was carried out the ** exception with the glass filter, and it was made to 
dry at O.lmmHg and 45 degrees C for 16 hours. The powder of the obtained white was again dissolved in THF, 
and the same precipitate as the above-mentioned thing - desiccation were repeated twice. The copolymer of 
the target white was obtained. Yield = 1 4.33g (72%). 

[0106] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 1:1. The 
permeability in the wavelength of 248nm of this copolymer is 95% (on 1 micrometer of thickness, and a quartz 
substrate), and showed that it excelled in transparency. Moreover, the result of other analysis is as follows. 
Weight average molecular weight: 1 3600 (standard polystyrene conversion). 
<DP N=0017> [0107] Degree of dispersion: 1.52. 
IR (KRS-5, cm-1) : 2960, 1727, 1259, 1148. 

In the fully dried 200ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
example 8 methacrylic-acid (**)-mevalonic lactone ester / the methacrylic-acid adamanthyl copolymer was 
carried out was put The methacrylic-acid (**)-mevalonic lactone ester of preparation in said 10g (50.5 millimol) 
example 1, 11.13g (50.5 millimol) methacrylic-acid adamanthyl, 33.7ml dioxane, and 2.49g(15.2 millimol) 
azobisisobutyronitril (azobisuisobutironitoriru) were added, and it stirred at 80 degrees C under nitrogen-gas- 
atmosphere mind for 8 hours. After diluting a reaction solution with a tetrahydrofuran (THF), it was dropped at 



the 31. water— ethanol mixed solution containing a small amount of hydroquinone. Generated precipitate was 
carried out the ** exception with the glass filter, and it was made to dry at O.lmmHg and 45 degrees C for 16 
hours. The powder of the obtained white was again dissolved in THF, and the same precipitate as the above- 
mentioned thing - desiccation were repeated twice. The copolymer of the target white was obtained. Yield = 
15.85g (75%). 

[0108] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 1:1. The 

permeability in the wavelength of 248nm of this copolymer is 95% (on 1 micrometer of thickness, and a quartz 

substrate), and showed that it excelled in transparency. Moreover, the result of other analysis is as follows. 

Weight average molecular weight: 14100 (standard polystyrene conversion). 

[0109] Degree of dispersion: 1.41. 

IR (KRS-5, cm-1) : 2912. 1722, 1259, 1093. 

The copolymer compounded in the formation aforementioned example 7 of example 9 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 1 7% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. 38 mJ/cm2 At light exposure, it is 0.3 micrometers. 
The last shipment pattern was resolvable. 

The copolymer compounded in the formation aforementioned example 8 of example 10 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 17% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 seconds ] 30 mJ/cm2 At 
light exposure, it is 0.3 micrometers. The last shipment pattern was resolvable. 

The copolymer compounded in the formation aforementioned example 7 of example 1 1 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 17% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 2% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. [ 1 00 degrees C ] [ for 60 seconds ] 20 mJ/cm2 At 
light exposure, it is 0.3 micrometers. The last shipment pattern was resolvable. 

The copolymer compounded in the formation aforementioned example 8 of example 12 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 17% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 2% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 seconds ] 23 mJ/cm2 At 
light exposure, it is 0.3 micrometers. The last shipment pattern was resolvable. 

In the fully dried 100ml eggplant form flask into which the star rubber to which synthetic Teflon TM coating of 
the example 13 methacrylic-acid (**)-mevalonic lactone ester / methacrylic-acid 2-methyl-2-adamanthyl 
copolymer was carried out was put The methacrylic-acid (**)-mevalonic lactone ester of preparation in said 
4.96g (25 millimol) example 1, 5.87g (25 millimol) methacrylic-acid 2-methyl-2-adamanthyl, 16.7ml dioxane, and 
1.23g (9 millimol) azobisisobutyronitril (azobisuisobutironitoriru) were added, and it stirred at 80 degrees C under 
nitrogen-gas-atmosphere mind for 8 hours. After diluting a reaction solution with a tetrahydrofuran (THF), it was 
dropped at the 11. methanol containing a small amount of hydroquinone. Generated precipitate was carried out 
the ** exception with the glass filter, and it was made to dry at O.lmmHg and 45 degrees C for 16 hours. The 



powder of the obtained 4 white was again dissolved in THF, and the same precipitate as the above-mentioned 
thing - desiccation were repeated twice. The copolymer powder of the target white was obtained. Yield = 7.44g 
(68.7%). 

[0110] 1H From NMR, it became clear that the copolymerization ratio of the obtained copolymer was 
lactone:adamanthyl =46.5:53.5. By 96% and 193nm, the permeability in the wavelength of 248nm of this copolymer 
is 64% (on 1 micrometer of thickness, and a quartz substrate), and showed that it excelled in transparency. 
Moreover, the result of other analysis is as follows. 

[0111] Weight average molecular weight: 13900 (standard polystyrene conversion). 
Degree of dispersion: 1 .78. 

IR (KRS-5, cm-1):2914, 1724, 1259, 1147, 1103. 

The copolymer compounded in the formation aforementioned example 13 of example 14 resist pattern was 
dissolved in propylene glycol methyl ether acetate, and it ****ed in the solution 19% of the weight. In addition, 8% 
of the weight of gamma-butyrolactone was also included in this copolymer solution as an auxiliary solvent. The 
triphenylsulfonium trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained 
solution to the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist 
solution. It is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a 
Teflon TM membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The 
resist coat of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer 
laser stepper (NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water 
solution, and the rinse was carried out for 60 seconds by deionized water. [ 1 00 degrees C ] [ for 60 seconds ] 
8.3 mJ/cm2 With light exposure, 0.25-micrometer Rhine - and - tooth-space (last shipment) pattern were 
resolvable. 

[0112] Subsequently, the silicon substrate which applied the resist (MLMA-MAdMA) as mentioned above was 
held in the parallel monotonous mold RIE system, and it etched over 5 minutes under the conditions of 
Pmicro=200W, pressure =0.02Torr, and CF4 gas =100sccm. The test result as shown in the next table was 
obtained about the etching rate and the rate ratio (as opposed to NPR-820). 

[01 13] Moreover, the same etching and the same trial were performed using Nagase positive resist NPR-820 
(Nagase& Co., Ltd. make) and PMMA (polymethylmethacrylate) which are a commercial novolak resist for the 
comparison. 

A sample offering resist Etching rate (a part for A/) Rate ratio NPR-820 523 1.00 PMMA 790 1.51 MLMA- 
MAdMA 610 1.17 From the result shown in the above-mentioned table, the etching resistance of the resist 
(MLMA-MAdMA) by this invention Nagase who is a novolak resist — positive — it is equivalent to it of resist 
NPR-820, and it being markedly alike and excelling PMMA (polymethylmethacrylate) was checked. 
The copolymer compounded in the formation aforementioned example 13 of example 15 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 18% of the weight. The triphenylsulfonium 
trifluoromethane sulfonate of 5% of the weight of an amount was added to the obtained ethyl lactate solution to 
the copolymer, and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It 
is 2000rpm on the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM 
membrane filter. The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat 
of 0.7 micrometers of thickness was obtained. After exposing this resist coat by the KrF excimer laser stepper 
(NA=0.45), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) water solution, and 
the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 seconds ] 7.4 mJ/cm2 
At light exposure, it is 0.25 micrometers. The last shipment pattern was resolvable. 

[0114] subsequently, the place which etched the silicon substrate which applied the resist as mentioned above 
by the same technique as said example 14 — Nagase — positive — it is equivalent to resist NPR-820 (above), 
and it was checked that the etching resistance which was markedly alike and was superior to PMMA is shown. 
The copolymer compounded in the formation aforementioned example 13 of example 16 resist pattern was 
dissolved in ethyl lactate, and it ****ed in the solution 18% of the weight. The diphenyliodonium trifluoromethane 
sulfonate of 2% of the weight of an amount was added to the obtained ethyl lactate solution to the copolymer, 
and it was made to fully dissolve in it. It is 0.2 micrometers about the obtained resist solution. It is 2000rpm on 
the silicon substrate which gave the adhesion promoter coat after filtering with a Teflon TM membrane filter. 
The spin coat was carried out and it prebaked for 60 seconds at 120 degrees C. The resist coat of 0.7 
micrometers of thickness was obtained. After exposing this resist coat with an ArF excimer laser aligner (the 
NIKON CORP. make, NA=0.55), negatives were developed in 2.38% of tetramethylammonium hydro oxide (TMAH) 
water solution, and the rinse was carried out for 60 seconds by deionized water. [ 100 degrees C ] [ for 60 
seconds ] 6 mJ/cm2 At light exposure, it is 0.2 micrometers. The last shipment pattern was resolvable. 
[0115] subsequently, the place which etched the silicon substrate which applied the resist as mentioned above 
by the same technique as said example 14 — Nagase — positive — it is equivalent to resist NPR-820 (above), 
and it was checked that the etching resistance which was markedly alike and was superior to PMMA is shown. 



[0116]* 

tEffect of the Invention] If the resist constituent by this invention is used, a detailed positive resist pattern 
without swelling can be formed by usable sensibility, moreover, while making the acid sensitivity polymer of this 
resist constituent into the form of a copolymer, the monomer frame of that 1st monomeric unit is chosen, and 
there are more than one as a partner of that copolymerization — it is — the new high sensitivity resist which 
can respond also to the exposure light source of ultrashort wavelength like ArF excimer laser can be offered by 
using a monomeric unit which contains the alicyclic hydrocarbon radical of many rings. 

[01 17] In the acid sensitivity polymer of the form of a copolymer, it adds to including the 1st protective group 
(ester group) content carboxyl group in the side chain of the 1 st monomeric unit further again. Since both 1 st 
and 2nd ester groups which have protected the carboxyl group can **** by the acid catalyzed reaction when 
the 2nd protective group (ester group) content carboxyl group is included also in the 2nd monomeric unit at the 
side chain, The sensibility higher than the case and the high definition of the conventional resist constituent can 
be acquired easily. Since the chromophore which has an absorbancy index high RIE resistance and big to that 
copolymer itself since it has the adamanthyl radical whose 2nd monomeric unit of that copolymer is the alicyclic 
hydrocarbon radical of many rings is not included in deep ultra-violet range, this copolymer can also offer the 
new high sensitivity resist which can respond also to the exposure light source of ultrashort wavelength like ArF 
excimer laser. 
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X 

I 

CH,-C — hr 




CHjCO - L AC 

[0 0 3 6] (3) 7v;l/8M^ft 

[0 0 3 7] 

[ftl 2] 

C0 2 R' 

\ 

— ecH-cHV- 

\ 

CO-LAC 

[0038] ±sk:»^t. mmi Aczm*? 

frt>L<&T>Vu*i/m. {Wittf* h+S'S. ^V^a 

(4) e-;l/SSfJB#«»«^» 
[0 0 3 9] 
[ffcl 3] 



30 



40 



50 



(8) 



«FBB¥9-9 0 6 3 7 



13 



14 




[0044] ±stcfev>T, r' 
(7) 

[0 0 4 5] 
[ffcl 6] 

f-CH CH^ — 



CO-LAC CO,R' 



CO 0 4 0] (5) SjV#A>*>'tl)\/#>mjm&&. 
[00 4 1] 
[ftl 4] 




[0042] (6) *&^>tmm&w 

[0 0 4 3] 
Vtl 5] 

/CHzCOjR' 



"fCH,- C — > 

\ 



20 



[0 0 4 6] JiiStC&^T, R* it. HufB^etClRlCT* 

Mie (**) r^vi^-hisa, 

(V) Rt>* (VI) ic^-TiitiT'^So ^*3, (*£) 7 

[0 0 4 7] 
Cfb 1 7] 



C O - L A C 



f CH,— CA (-CH 2 —CA- 



I 

o = c 
I 

0 

I 

Y 



o = c 
I 

LAC 



(V) 



[0 0 4 8] 



8] 



[0 0 4 9] ±^tC*5V>T, R'«, 7j<^^-r^t,L,< 

{i{£*<DB&S> flaAtf, ad^x 7/1^/1^, 

i/ta^isj^ Y-')-> 
*n [5. 2. 1.0) •r:2j>&£#£U Bt±, fttc 



[fti 

X 

I 

c 
I 

c 
I 

LAC 



0 = 



(VI) 



[0 0 5 0] £fc, cntM3lLT^5)AHcLTfc< 



50 



(9) 



1SHPP9--9 0 6 3 7 



15 



16 



mt, iiT-feot, (se*oafBT?«*-3fe<*ssn 

?-a=.hVtl> (A I BN) ©fipffitcfcl^T^U— ^i?* 

[00 5 1] tC5T% SESUStt«^«:*^«^tt:OJB 
Z0>&m-&fc'Plc£tb2,wi3. (I) ©7* 

WtL<«, 2 0~7 0M%T'fe£o CO*/?- # 
0~6 0lI%T*fe3o 

[0 0 5 2] *fc, *f8flli#&©*&*SSljifc:«fc* 



O R , 



X*isj\,m*StS*:S LTV^T «fc < fro 

it. ^(D^/^—mnLcommK. mm. mmmsm*. 

)lX*i/>\,g%mLfr-o. ZVffi, (II) fc<fcD* 

2ti3gp# : 

[0 0 5 3] 

tttl 9] 
R i 

I . „ 

/ \ ! 
V z 



(II) 




[0054] (±stc*3v^r, ri it. i~4m<Dmm 
m?%m?zmmi>i,<itwm<DT/}/*frm*m^ 

A (in ) fc±?>asn*o 

[0 0 5 5] 
[fk2 0] 



(III) 



[0 0 5 6] ±5£{C*5^T, Ri RZfZlt. ^tl^il. 

X 

i 



»$L<f±s (VII ) tc<fc 

[0 0 5 7] 



Wk2 i] 



-fCH,-C-)- 



o = c 




(VII) 



[0 0 5 8] ±i!«C*5V^T, R, Ri , R 1 , X, mW 

i it, zn^n, mE&mcmvT'&o, f utiao 

4-5T^Tfe < t< > #SL<«\ L<««« 



50 



i/>rs &fc*spj»c«ffl-r* c fc©^**»«istt«a^ 

f*i±, LfctfoT, (VIII) K<fcoTSSn.5*£ 

* U 2 - * *>V- 2 - 7 >^/l/«fi-&f*-p* 
3, 



(10) 



ftffl¥ 9-90637 



17 



18 



[00 5 9] 



[fC2 2] 
Me Me 

-fCH t — (-CH,— C4- 

| A, \ | J, 

o=c 0 = c 

\ Me \ Me 
O. / 0 



•CVIII) 




[0 0 6 0] ±S(C*3^T, Meti^/l'SSrSU tcti 

-rx-y^-^^ittt (R I Effiftt) £t#£C£*<T-£3o 
M^©R I EWtt^t#«k5 i:-rS^P>toT, #«frt**© 

12©€/ v-mi4T'fe £ * # * Jim 2 - * m- 2 

-TP^Z/^jUD^A*: 5 Ot;l'%igSfC-rSili;^ 

r F) •f£D<fc5&lS3§i&m (1 9 3nm) IC 

[006 1] ±fSL/c J; 5 *5ttSII 1 
yv-^ffiT*feS^^^U;i/SE (±) -^to;y?7 

^ h yiXfM^lli, — «£f*KC^ 20-7 011 
%T^OWSL<> *6{c»Sb<(i^j3 0~6 0 
M%T-&3 0 £fc> frfr3«fi^m;:*5W-SlfI2<0* 

>^Jl(D^m&tt. — fi5W^^2 0—8 0ll%tfe5 
<Dtf#gL<, *5>tc»SL<«^3 0-7 0«»%T' 

&s 0 ^-n^n©^ yv-#fi^±i Buret * 

3£» iiSS<9vK^*-->^tf^tg£:&£, 



20 




[0 0 6 2] ±IBLfcJ:^*mi&0*m2©^y 

*> , >\<mxiz *z*v ;mo)m-^mmm^mm 
mximiS. (viii) ic^oTSsna^^y/H? 

(±) -^/5D-.^7^h>xXr^^i'U;l'i 
2-*^/l/- 2 -7^>f;b«i^li, *0«KfiK 

*JV^T, #SnS2@S£OXX^;l/g|5A^n^ni 9 0 
-2 5 0mk:4BV^Tt;l'»3ttfla»O**4«feffl*d* 

% (PAG) *fi#ftt>-ti-ntf» S*5fl*#ffiV'»;fc»fc 

[0063] PAGa. u^x bmv>Bimici£mmi& 

[0 0 6 4] 
Nfc2 3] 



40 



50 



19 



(11) 



«fM¥9-9 0 6 3 7 

20 



+ PAG 



h v 



J \ Me 
O O 




O 




Me 



+ IT 



CO 0 6 5] 



[ft2 4] 



+ PAG 



h u 



S \ Me 




I 

c/\h 




+ H 4 



[0 0 6 6] ±iELfc«fc 3 -^CD^/v 
UfrSn*©-?, j|?$*r-f >T*fcS 0 

-So 

[0 0 6 7] $rc, *^<ofk^ti"l@S^^xhfcfev> 
naJttKS^fiiJ (PAG) », b^xhwft^tcfc^T 



40 



(1) ^tciS^Stiaa-K^AJg : 
[0 0 6 8] 
[ft 2 5] 



A r. 

A r- 
Xti 
A r % 

A r- 



1 * <x,)- 



1 *=0 CF, SO," 



so [00 6 9] (±StC*5V>T> A rli, i!j&t> b < 



(12) 



WHPF9-9 0 6 3 7 



21 



22 



X«B8»5RS*SU *LTXitt. BF4 . B 
Fe , PFe , AsFe > SbFe , C Fs S 03 > C 
1 04 &H£rgir) 

(2) *aic±D**n«x;l/*-'>A«: 
[0 0 7 0] 
[ft 2 6] 

R. ^ 



Rt — -7 S + (X,)- 



[00 7 1] 
[ft 2 7] 



A r - C HiS 



O 



(X,)" 



[0 0 7 2] 
Mb 2 8] 



O 
II 



Ar-C-ArCHi — S* (X,)" 
^R, 



[0 0 7 3] 

[ft 2 9] 
Ri ^ 



[0 0 7 4] 
Ht3 0] 



S* -A r-OCO- t B u (X,)" 




[0 0 7 5] 
[ft 3 1] 




(X,)' 



[0 0 7 6] (±:£tc:fc^T. Ri , R2 . R 3 J&TfR 

;b*;l/S, 7'J-;H%if^gL, flRtf. Ri , Rz 



10 



(3) #*tej;!>»*ftsx;u*>itxxx;i/ 

[0 0 7 7] 

[ft 3 2] 

A r -COCH B S0,-A r 

NO, 



CH,SO, 




R4 



NO, 

[0 0 7 8] (JrfSfcfc^T* ArMR4 fflEfc 

(4) SSlci oa? W*tt7y-;l/R»* : 
[0 0 7 9] 
WL3 3] 

C CX,>, 



C (X,), 



[0 0 8 0] (±5£lc:fc^T. X2«. /NPyy, WAHf 
CUB rXli I fib. -CXa S010{if 

(5) *SfciJ:Oa*ti*MDyyft»: 
[0 0 8 1] 
Ht3 4] 



CX,) 




CX.) 



40 



(X.) 



ex.)' I N <x a ) 

(X,) 

[0082] c±5Kic»^t % X2ittteeiicni;?« 
*) 

(6) *afcJ:0««n*s-hUT^>«SW*: 
[0 0 8 3] 
[ft 3 5] 

N N 



(X 



2)3 c-c^ \- 



C (X,), 



[0 0 8 4] (±l£tc;fc^T, ad^X tflRtf 

CUB rXtt I "CfeO, fib, -CXa g<D 1 OttH 



(13) 



WM^F 9-9 063 7 



23 



24 



(7) Jfcajc«k»)*«ti*^;l/*>R»{* : 
Ar-S02 - SO2 -Ar 

o 



N (X,)- 




N (X,)- 



[0 0 8 6] (±5£fc*5l,>T, Xi JitljflH^etCigUT?* 
*) 

(9) ^eoffi (*aic<t oasn«x;i/*>Bixf;i/ 20 

[0 0 8 7] 
[ft 3 7] 



(8) «t o a«na-r 5 Kfw 

[0 0 8 5] 
[ft 3 6] 



N (X,)- 




N <X,)" 




N-OS O2C F 3 



30 



o 




c 
ii 
0 




XI* 



40 




[0 0 8 8] Ctt&0%K8£*!ti, fcJUBoi^xh 

»*l<«, a*f*o±**ae*».:LTo. i~5 

so 0«S%T'fe5o CVtftffi&MMifiS Ofift%£± 



14 



25 

LTl-l 5fiffi%T*feSo 

[0 0 8 9] Sfc, ±ffifcH»bT, ig®lS1±«1§r{*£ 

Sfcl&ttSaii* (MJ9 1 fi m<DU->'X h£JglS:S3?g 
ffi±tcjgfi!tUfc^p<0ffl) #3 0%U±£%:2>£olc, M 

h If**- K xf;l/-3-xh+i/yn 

[0 0 9 0] *fgB^£0U-v'Xhjg^T'«s &glCjSC 

iBUt, £»«fc**LT 1-3 
*ono»$L<, ckO»$L<(± 1 0-2 011% 

So 

[0 0 9 1] «H9liSft, ±fEL7c<fc?&Uv'Xhffl 

KMts. ttffia&tsfi. ¥®<*i§B, *oflaoaE 

B. M*tf£'U:3>MdMK EMUflftMB* 

i, «ttl42tf»fiEbT^Tfe±<, Sfc, &Stf>12 

ne>^*«fi. *nfc#rsu^xi-B<DffiBi£&iai& 

aaWTkfkftWlBWfcLTH:, l. l. l. 3, 

3. 3— 'V* , *J-**7l/S>S''51f J> (HMD S) so 



HSFP 9-9 063 7 

26 

(fSCi:tfT*f?So 
[0 0 9 2] US?X MBj&feO&flitt, ±teLfe«fc^ 

ci:*^T-^5o u^x hmmvmm*. xif>i^ n 

{CXtf^flJA^fflT'SSo US?XhM/I«, *5 0 . 1 
-2 0 0 jim©13B#tfllt£ft5)bV K r FBft£>%& 
(4. 0. 1~1. 5 nmhmmZtlZo &*5, BfltZtl 

T * # E JS C t/£ < ^M-T -5 C £ tfT* £ So 
[0 0 9 3] *K±fc§Mil,fcl/S>xh»|(*, ^nSr*§ 

•ffl«awa«caiRWcB3t"r *t»»=, s^6 o~ i 6 o^c 
<?)U&i?ifa6 o~i2 o^ictJfcoryu^-^-rs 

cfcfcWSLVo c<D7y<—t?i±. 

[0 0 9 4] afcvv?, yU^-^«OUS?X HB«»ffl 
<DS^@T^fflcDScM^t3g«3WtcS^f So 

&&Kmw&. tmnmnm Gtt*&m • vmnm s 

ft£§B, X^B^SB. B^fcT-ABftSB, x*->v 

tCfe^fctdtC It'>7l^ If (KS2 4 8nm<DK 
r F If&tfiftft 1 9 3 run© A r F U— If) ^Bt 1 ^ 

flu jsaienid, mrm (eb) , x«, u— wave* 
TRi^fftrso 

[0 0 9 5] #:<^T\ i)tioi/i?x hK*B)ta-^— 
f (PEB) -rsc^tCcfc^T, K^rte^i: 

^?gS«*?J6 0-1 5 0U Sf^L<f±^l 0 0-1 5 
(TMAH) s i^m^rY'y^^Ty^—^U (TE 



(15) 



«FBB¥9-9 0 6 3 7 
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CO 0 9 6] 

l^X hffl««©««ft&tflCU^X 

V\> 
Ml 

***U;l/lfc (±) -^/^DZ7^7^h>xxf;l/© 

^tC^^^fc 1 0 OmKD^XJg^X:^ 3 OmKD 
K«fflft^^-U>. 6g (4 6. 15U*;M <£> (±) 
-*/*u=. h>RU4. 82g (46. 1 3 »J 

«TTOW»»Lfto »6nfctt»Wc, 5. lg (5 
0. 4 5U ; 6;W OhUx^l/T^VRffl Ong^N. 

JgJSfgi&£3 0 ObIOSHMKMc^U 1 0 0mi<D 
*Tifc#U ^LT7)<tB^Jefbp<^*U>T-3lHiatBb 

U;« (±) -^^PX7^7^h>xxf;W#P,n 

/c 0 lRfi= 5. 9 4 g (6 5%) o 
[0 0 9 7] »6nfc*«»©»«fOlS*«i. 
T-fe^o &*5> ^ynftOsli- ttS, dCi— * 

1 H NMR (CDCL3 , 6, J in Hz) 16. 0 
5 , 5 . 5 8 (^-n^ft 1H) , 4. 44-4. 35 
(2H, m), 3. 19 (1H, d, J = 1 7. 5) , 
2. 62 (1H, m), 2. 60 (1H, d. J = 1 40 
7. 5), 2. 03 (1H, m) , 1. 91, 1. 66 

G=enen3H, s) 0 

[0 0 9 8] ^fc> I RtOMfttD&mts ~k(omov%> 

t rong (3S) „ interne d i um (40 . f Ltw 
(iweak (38) ttmMVZo 

IR (KB r, neat, cm 1 ) : 2 9 8 0 (w) . 
1743 (s), 1714 (s), 1271 (m), 1 
173 (s) , 1161 (s), 1 0 7 4 (m) o 

mz 50 



28 

***'J/l/» (±) -^/Sn-^^h^xX-r/l// 

»kl«a***fc 1 0 OmKO^XJB^Xrnk:, 5. 9 4 
g (305U <0ttK« 1 TH»D* * * U 7l^K 
(±) -^/^PX7^7^h>XXf/k 5. 04 g 
(3 0 3U*;W <D**?V;imS/?u'\*$/)W 20 
nlO)^***>fttf 1. 4 8g OS'J^W ©77t 

x^yyfnxhu/i/ (A 1 BN) cffftnu 
aTtesor-eswiiiffliftLteo ae»K*^h9t k 

o37^> (THF) T^$RLfcf£> MOtKn+y^ 

fc 0 ^ufcajRtar^x^-f;!/*— -eawu o. 1 
«**wtfTHF(c»ws-a:, ±iBUftfeokrai:it» 

#3W6tlft. 4501=7. 6 9g (7 0%) o 
[0 0 9 9] l H NMR*>6, ?#e>nfcttfi^te<Dtt 

Kg 2 4 8nmti:^t*aa*«. 9 5 % (Mm 1 /in . 

/Co *ft. z<Dm<Dfttir<Di&mz, &(omox*$>Zo 
mm^^m : nseo m»*i>x^u>« 

*) o 

[0 10 0] : 1. 4 5 0 

IR (KRS-5, cm" 1 ) : 2937. 1726, 1 

2 5 9, 1 1 4 9, 1 1 1 2 0 

M3_ 

(±) -^^nx7^7^hvxxf;i// 

f7n>^ 3-f >^n/cX^-7/^An/c+ 
5ttc3£*S2-£/c 1 0 Oml^XJg^xnlc. 5. 9 4 

g (3 0 5u*/w o*9ieeyii*iH»^^*^u;i/tt 

(±) -^;^Z7^7^ h>xxf;k 4. 87g 
(3 0^'J^W ^p-7th^>XfbX 2 0ml<D 

i?**-y-yRZf i. 48g o^y^w^/m 

V7fnxhU;l/ (A I BN) *8aiDU a**H*TF 
Ki8 0lCT8WNUHU*Lfto BSa»«fh5kFn7 
^> (THF) "MMRLfcft. ^ftDkKn+y^St 

m^tdfcWtii^Tsy^A/Z-- TN58UU 0. lmmHg^ 

0 4 5°CTM 6^fflftj»S*fco »6nfcaft«»*« 

Stlfco IRB= 7. 7 8 g (7 2%) o 
[0 1 0 1] >H NMRfr6, »&ftfc*«<rt*©# 

lSS2 4 8nm^*5tt5a5fl*«. 7 5% (Jiff 1 /im . 



(16) 



9-90637 
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M¥*3#?« : 7 6 2 0 (WJXfU>« 

o 

CO 1 0 2] ft?&m : 1. 4 1. 

IR (KRS-5, cr') : 3193, 1751, 1 

7 2 6, 1 2 1 8, 1 2 0 lo 

m± 

— ;l/**7l/x— -r^T-b-r— hJcfg/gbT 1 7MM%^ 

T, 8li%(Dy-^P7* b>fc<&$-£fc 0 1»6tl 
feKttlC* «l^»£»LT 5li%01© h »J 7x- 
;l/X/I/*x r> A h »J 7;l/^n £ >x;l/4->*— h^rftp*. 
Tt^lciSlBi^fto »6hftU^xhiSKi*o. 2 ti 

m <0r7uy™ *l/7?l/74)VZT*W&\srd&^ HM 
DS«ia*StiLfc^U3>aS±tt:2 0 0 Orpm TXtf 
V^-hU 1 10W60WJ^LftoiW 
0. 7 timOUi/XbBLmbmbtirco C<D\siSXh$i 
I^KrFx^>Vl/-fXf 7/^ (NA = 0. 4 5) 
VmytLfc^ 2. 3 8%Ofh7^W^- t )A 20 
/^Fnt^H (TMAH) U BK:* 

>7j<T*6 O^U^XLfCo 4 OmJ/cm 2 OB^It, 
0. 3/im7^>'7>K*X^-X (L/S) ^» 

[0 10 3] ±fE^<fc?tCLTl^Xh£:^fi 
Lfc5/U3>«E«¥fT¥*Ea!R I EftBJciiRSU P 
/x = 2 0 0W. EE^=0. 0 2Torr\ T;l/rT> (Ar) 
#X= 5 0sccm<O^ffTT*A r X/W £ x>y ^>^*fir 

U^X hNPR-8 2 0 (SW^HttS) i: HS?<a K5 30 

/Co 

men 3 tc^v^T^L/c»a^{*^?L^^;btc^ 

LTl 8fi*%»«fcLfc 0 ien/cMxf;VM 
tc, fti^lcWtt 2 h 'J 7xz;l/X;l/ 

*x»> A h U :7;l/*n * * >X;l/**- h^:*P^T+^ 

7n>™ ><^>r^>37>r;i/^-eitiaUfc^ HMDS® 40 

SfcfflLfc^'J rJ^S«±fc:2 0 0 Orpm TXVf^^- 

hu 1 1 otr-6 o#rayu^-^b/-co MJ?0. 7 

r FX^^U-fXf7^ (NA=0. 4 5) T?Rft 
Lfct£. 2. 38%Ofh7^f;l/7> ; e-')WK 
a**$/F (TMAH) U BlY*V7kT 

6 0#HU>XUc o 3 5mJ/cm 2 <OB3ttfiT?. 0. 3 

[0 10 4] ±IE<D<fc?K:LTU> ? X r-£r^fr 

Lfc5/U3>»«*imi2flW4fcra«a:^ffifc<fcoTA r so 



30 

hNPR-820 (tum) hi^cDK^x^y^W 
M6. 

IT 1 8Ht%nM£Lfe. »6nfcA*x^;WS» 
tC, «I^WlT2ti%t7)iOv ? 7xx;l/3-K 
x«>Ah U7;l/tD^*vxW4- h*ftn*T-h#lc 
»<W*«fco f#^nfcb^Xh}S^0. 2 nm <Dt7 
u>™ *>7?>7>r;\/$T+timLrc'{£ > HMDSJBI 
£rSS L > U 3 >S«±IC 2 0 0 0 rpm TXt?>3— h 
U 110W6 0««^-*Lft.B»0. 7/i 
mOL/yxhSIWien/co C©l/^XhSS*Ar 
FX^^Vl^-ifB^S NA-O. 5 

5) TB3tUfc». 2. 3 8%co-r h^^^/l/T>^x 
^WKD^>F (TMAH) 7jc»jKT?8i#U Jft 
^*>7kT*6 0#SUyXUco 1 OmJ/cm 2 <0BJtfi 
T% 0. 2/im L/S/^-^tf^Titfco 
[0 10 5] ifB^^lCLTU^X h«&flJ 

Lfc->U3V3S««WISfl«4klfl««:#ate:<toTA r 
X^^X7^U:^l5, g&tfi^^l^X 
h-NPR-820 (h3U1) fcH«OF9>fxy^>ifB 
tt**tc fcflTOBSftfco 
fflJ7 

***U/l^ (+) -^ADX>y^7^hVXXW 
^ * * tj ;l/#;l/x;l/ttS^f*©^/S 

f7D^ a— >^^tircx^— ^An/c+ 

5>^^^^r/c 2 0 OmlO^XJ^^^Xntc. l 0 g 
(50. 5 ^ U ^e;W cotufEWJ i T»8io^ * * U 
(±) -^;^PX>y^7n>xXf;k 9. 90g 
(5 0. 5^U^;l/) ;K 3 

3. 7ml<D^4^>&tf2. 4 9g (15. 2^U^r 

;!/) ©77ifx^y7fn-hy;i/ (aibn) %mn 

U aW*H»T«C8 0r"e8«fffl«»Lfco S/SJSJS 
^fh7HFn77> (THF) -WMRLfc«, 4>«<D 
t: Fn+y 3 U >y h;l/<D7j<-x£y — ;l/ig-gjg 

i^iSTL/co ^U/cttm^^X^w;l/^-T5SU 
U 0. lmnHgRtM 5ttl 6flfHWa*S*fco »6 
tlfc&^com^nzf TH FtCiSft?^^ ±fEL/ct><7) 

6©ftI*»tfi6nfto IK«= 14. 3 3 g (7 2 

%) o 

[0106] 1 h nmr*^, m^nrcnm^<Dn 

SS2 4 8noi*CfeW5aa^tt. 9 5% (JBIJP 1 /im , 
S»¥^^« : 13 6 0 0 W*UXfI/>» 

m o 



(17) 



fifBa¥9-9 0 6 3 7 



31 

[0 10 7] SHRS: 1. 5 2o 

1 R (KR S-5, cm 1 ) : 2960. 1727, 1 

2 5 9, 1 1 4 8o 

ms 

tZZVfrM (±) -^^n-7^7^h>xxf;l// 

^tC^jt^^fc 2 0 OmlO^XJgy^XXUC, 1 0 g 

(so. 5su*;w (Dmmi-vmmvtztvjim 

(i) -^^P-7^7^h>XXf/K 11. 13g 10 
(50. SSUtJlO 0^jr*U;l«7<^yf^ 3 
3. 7ml<DiS**V>JSLZf2. 4 9g (15. 2^D^6 

;W OTWX'fVttu— hVfr (A I BN) 
U a*»HiSTfc:8 0 , Ct?8«rBI«»Lfco JKiSrg^ 
h7tFn77> (THF) -W6S?Ufc». '>fi<0 

U 0. lnnnHg&tf4 5tTl 6«FWS£«*-*rco t#£ 
nfcaftO»**WtfTHFfc:»jW** % ±iBLfcfc<0 

fiOftl^»tf»6hfto *K« = 15. 8 5 g (7 5 

%) o 

[0108] >H NMR*>6, i5nft«I*»Oft 
fi^Jtfil : 1 T'&ZCttfmWLrzo COrtl^O 
&S2 4 8nmtC*frtSJSia*ti. 9 5% (Ml* 1 pm * 

sa^^a : 14100 cawn*u^u>» 

*) o 

[0 10 9] : 1 . 4 lo 30 

IR (KRS-5, cm" 1 ) : 2912, 1722, 1 
2 5 9, 1 0 9 3o 
919 

LTi 7li%i8i([kLftp «&n;feaj*x^;i/»St 

*X">2> h U 7;I/^P^^>XM4- h^iD^Ti-^ 
tC«»*^fc 0 »6tlfcU^Xh»«*0- 2/im £Of 
7P> W ^>^>7-<;l/^Tj8iiU/cf^ HMDS® 40 
a*SSbfe->yr3>Stg±tc2 0 0 Orpm T'Xtf^— 
hU 1 2 0°CT6 O&BB^U^-^Lfco KffO. 7 

r FX^>Vl/-fXf7/^ (NA = 0. 4 5) TBJt 
LfcSL 2. SSyo^fh^^W^x^WK 

o**^K (tmah) 7k«»"es«L, 

6 0»Hy>XLft o 3 8mJ/cm 2 0. 3 

L/S/^-V^»«7»*rco 

gy 0 

50 
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LTI 7Sffl%rg^i:Lrco f#en/:Mxf;l/M 

«S-&Wc^LT5Sa%oacDhU^x— 
*x£A h U 7Mn^^>XM4-h^MTt» 

7p^ ^>y^>7>r;l/*t?afflUfc». HMDS® 
a*SfiUfc->U3VStE±^2 0 0 Orpm TXtf>:3— 

hu 1 2 0^T6 0#rayu^-^urc o mmo. i 

r Fx+^7l/-fXf7^ (NA = 0. 4 5) T*B3fc 
Lfcm> 10 0tT6 0#ffl^U 2. 3 8%<D-r 
h7^f;l/7^x->WKD^>H (TMAH) 
*iSfflrt»31«U »K*>7la?6 0»HIU>Xbfco 3 
0mj/cm 2 CDSTtaT*. 0. 3/im L/S/^ — >tf 

m 1 1 

U^Xh^£ — >(£>^ 

it 1 7mm%mmtLrc 0 »&ftfc*L»x*/i/»« 

h 'J 7Mn^^>X;l/t4- h^Mtt^ 
fc»WS*fco »5tlfcU^Xh»**0. 2/xm <D<f- 
7a>™ ^>77>7-r;l/*T*iliaLfta, HMDS® 
a*S6L/fc->U3VS«±JC2 0 0 Orpm TXlfVXI— 
hU 12 0tt6 0©r^J^U:o 110. 7 
/im^lx^XhJ&^tfff&n/co CtOU^XhSItK 
r Fx+S/Yl/-t'Xf7/^ (NA = 0. 4 5) TBft 
L/cf£. 10 0tt*6 0W^-^U 2. 3 8%<0^ 
F5^f ^7^-!>A/vf Ho*+-> F (TMAH) 
*iS8rcS«U SK>r*>7kT6 OfJMU VXLfeo 2 
0mJ/cm 2 OS)ta*r% 0. 3/im L/S/^— Z/tf 

m 1 2 

U^XW^-VCDJBjS 

«^W8tcfet^T^«Lfc««^**A»x^;l/fc«(B 
LTI 7fifi%fgr££Lfco »&nfc*L»x*-/l/»}fc 
IC> «l^«C*f IT 211%^ h 'J 7xX;VX/V 
txX«)A h »J 7WP^^ h^a^LTt^ 

icmmz&rco ie.n/£u^hM*o. 2 ^ e>-r 

7ay™ ^>77V7-f HTBiiLfta, HMDS® 
m*MLtci'Vzi>£fa±lC2 0 0 Orpm T*Xt?>3- 
FU 12 0W6 0WJ^Lfto l«»0. 7 
/im^U^h^Wf^n/co CtOl^Xh&JBi^K 
r Fx^^b-fXf7/^ (NA = 0. 4 5) VM^t 
Lfc&. 10 0tT6 0i»ffl^U 2. 3 8%C0f 
F^^f^^x^AA^KD^^K (TMAH) 

TkiSJKTisfaL. tsw*>7k-e6 0#wu>xLrc o 2 

3mJ/cm 2 OB^aT% 0. 3|im L/S/^->^ 

gy 1 3 
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^ * * "J 2 - * 2 - 7" y ^;l/«B^{*<D 

#fc«H»**fc 1 0 OmlO^X^^X^ic:, 4. 9 6 
g ( 2 5 S U OMEW 1 T^HiiO^ £ * ij 
(±) -^Mn-7^7^hyxxf;K 5. 87 g 

vy?*/^ 16. 7ml^**+fy&XM . 2 3 g (9 
5U^;I/) OT^/trx^V^n— hU;l/ (A I BN) 
*S*nU «»i«T!C8 0W8«Bi»Lfto S 
JSiSMf h7t:Fn77y (THF) T««?bfc», 

0. lnnnHgRtM 5tt*l 6BSBBK*S*fCo »6tlfc 
fifeO»**lltfTHFfc:JSHIPS-*. IBLftfeOtH 

*W^<MB*iW»6nfeo iRS=7. 4 4g (6 8. 7 

%) o 

[oho] ! h NMRfrs. t#^nrcfta^»o» 

*&tfctt^* hy : T£Vy 4 6. 5:53. 5 

-e&SCfctfJpJWLfCo CO#fi-&ttOffig2 4 8nmtC 
33tt3}gjMSte9 6%, fill 9 3nmT1i6 4% (H 
/PI /xm , 53SS1£±) T&D. SBBttJcffinTV^C 



1 3 9 0 0 (WM'J 



[0 111] «S¥J3#?§ 

1. 7 80 

1 R (KRS-5, cm" 1 ) : 

2 5 9. 1 1 4 7, 1 1 0 3c 



2 9 1 4, 1 7 2 4, 1 



NPR-820 
P MM A 
MLMA-MAdMA 



m 1 4 

;l/x-f;l/7tf- h(ciS»lt 1 9M% 

It, 8li%Oy-^fa7*h>fetS*feo i6 
nfcSfKfc. «*»IC»LT 5ll%OiO h U 7x 
x;l/X;l/*x»>A h U 7;Wn^*yx;l/**- h£r*D 

10 (0-r7n>™ ^v^^^-r/l/^-ettfflUfca, H 
MD Sffl.a*S6bfc^U3>»fi±tC2 0 0 Orpm T?X 
lf>3-hU 12 0t7?6 0»ffl^'J^-*U o M 
»0. 7 fimOl/^XhftKtfff €>nfc 0 CCDU^Xh 
SI^Kr Fx^>Yl/-fXf7^ (NA = 0. 4 
5) T^Ttbfcm. 10 0tT*6 0»ffl^-*U 2. 
3 8 %Of h 7 ^ f A/ W Ka**i/K 

(tmah) AtmmvmMis* K>r*>*"e6o»mu 

yXUfdo 8. 3mJ/cm 2 OBBtiT* 0. 25/im7 
-YV-TVK-X^-X (L/S) 

20 fCo 

[0 112] $fr^T\ ±tZ(D£5lcLTUi?Z, b (MLMA 
-MAdMA) ^flJLfc^Un^SS^TffTffiSR I 
HfclfcgU P/i = 2 00W, j£^7=0. 0 2Torr\ C 
F4#X= 1 0 0sccmC0^TT*5^HtCt)/coTX>y 
^V^fcfrofco X^y^-h&tfU- hit (NP 
R-8 2 0lC*fLT) tCfiBLT, ^«iC^J:a*SS 

[0113] sft, tb^orc^, Tt5iEoy*9y*u^ 

X ht^^fil^^f ^ 7U^X b N P R - 8 2 0 (g 
30 m&mtM) MPMMA (#'J^;W?*'Jl/- 



5 2 3 
7 9 0 

6 1 0 



0 0 
5 1 

1 7 



MA-MAdMA) tDX-y^-y^Bttte. /#7 7^U^XhT 
fe§II*^f ^ 7U^X h N P R - 8 2 OO-^n^fRl 
^T&O, Sfc. P MM A 

m 1 5 

tsieflj 1 3 icts^r^Lrcnm^^^m^Mcm 

tc, «i^fttc*flt 5il%Ol^ h U 7xx;l/X;l/ 
*-^2* h'j7;l/tn^^>x;^-h^Mt+^ 
fciSJBS-tffco fl^n/cU^X h^^rO. 2/ioKDf 
7P>™ ^^^^/W^aiLfcft, HMDS® 
^SSLfci/'JnyS«±tc2 0 0 Orpm TXtfya— 

hu 1 2 o°ct6 o»my'j^*Lft. mmo. i 



r FX+^7l/- IfXfy^ (NA = 0. 4 5) t?BJt 
Lfcf£. 10 0tT*6 0W-^U 2. 3 8%cD-r 
h^^/l/T^-'JWFn^H (TMAH) 

40 7jcjg?ft-cs#u BK;*v*-e6 owjyxi/co 

7. 4mJ/cm 2 ©87ttt% 0. 25|im L/S>^£ 
[0 114] #^T\ ±IE<DJ:?£LTU:^Xh*£*li 

Ltczsv^ymmzmm 1 4 fcHttafatioTi 

^y^Lfc£C3> SI^^f^^l/^XhNPR- 
8 2 0 (Mm) fcHST60*OPMMAiDfe*aii: 

gj 1 6 

l/^xb/^->(0M 
so BulSCT 1 3 fcfci^T^/aLfc««^*^x^;l/fciS 



(19) 



#W9-9 0 6 3 7 
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-^h'J :7;M-ny.£>X/l/**— h^DxT+^fc 

*§8?s-t*fc 0 mztircui?* hmm&o. 2 /he ®f7 

av™ ^>^5>7-i-;l/^T*Z®31L/c^ HMD SSQS 
*SfiL/c'>Un>a«c±lC2 0 0 Orpin TXtf^— h 

u 1 2 oxx-6 owmyv-^-tLrco mmo. i v- 

Fx*->vl/- »fBttS@ (-3^8, NA = 0. 5 

5) ■vm^Lfcm. ioot-e6 0M^u 2. 10 

(TMAH) *»WtT»gi«U HSK*>7kT-6 OfMfly 
^Lft, 6mJ/cm 2 ©BftST?, 0. 2/jm L/S 

CO 1 1 5] #^T% ±IB<OJ:^^LTbv ? Xh^flJ 
L ft: V 3 >»S^rfjfBCT 1 4 t H«*#ffifc ioTi 
•y^^^Lfci:C5, SW->"r-f71/->'X hNPR- 
8 2 0 (Huffi) i:[R)l?T*fe»)7b^OPMMAcfctittSg(c 

[0 116] 20 
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WOlteK«ttS^I**«a^(*o*i:-rs i: i: fete, ^ 

<L7j<^s^^*-r s <t -5 v-mci^ffl v>a c ^ tc 

<fc?K A r Fx*S/vl^-1f(D<}:?&ffiMi&g<DBftft 

[oi i7] $6{c*rc. fta^<DmcoK®]cstta^ 
tetcfc^-c, si i #tto««fcjB 1 

Sf2 0^yv-mffi{Cfe^-CDffliJigli:§l2£D«Ha 
(xx^/l^) ttA;W*->;Htt$t/i:^ * 
/I/tf^/l/gSrG^LTt^SMI 1 StfS^^xXTVl/S 

SrSMtcff^ci: c©«a^i*t, ^©«a 



7D>K-^©it 



(72) SHU* iggB 

#£j \\m\ mm*WM±'hm «t> 10 1 ssta 

C72)fSJ3# H+H ggft 

#3S; I mi I |ll@rtT^|lE±/jNBa^ 1015#«i! 



us; i m is k±/Jnh * 101 smt& 

(72)l?B^# Kg ft 

#*JIIJWI|«rU*BK±/jNfflf 1015tHfi 

»^ll!lilJI|A5ffic£HE±/hffl<t' I0l5#«!l 
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